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PART C:  ECOLOGICAL RISK ASSESSMENT FOR PCB SITES 

A GUIDE FOR DETERMINING THE RISK OF PCB EXPOSURE TO ECOLOGICAL 
RECEPTORS 

 

1.0 INTRODUCTION 
Polychlorinated biphenyls (PCBs) are a class of some of the most persistent chemicals in 

the environment and therefore require special consideration when conducting ecological risk 
assessments (ERAs) for ecosystems that may have been contaminated with PCBs. Made up of 
209 separate compounds (or congeners) worldwide distributions of PCBs have been found in the 
Arctic, Antarctic, deep sea (Tilbury et al. 2002, Froescheis et al. 2000, Looser et al. 2000), as 
well as coastal and inland areas located close to sources of PCB contamination (Johnson et al. 
2000). This guide provides basic information relevant to assessing the ecological risk of PCBs to 
aquatic and terrestrial ecosystems. Physicochemical information about PCBs, methods for 
determining PCB concentrations in water, sediment, soil, and fish and wildlife tissue samples, 
toxicological effects of PCBs on aquatic and terrestrial wildlife, and approaches applicable to 
formulating and assessing ecological risks of PCBs are reviewed. Specific information on 
developing ERA benchmarks for PCBs, analyzing PCB congener distributions, and current 
literature on evaluating the bioaccumulation and toxicity of PCBs are reviewed and links to 
primary literature sources are provided in this guide. Information and examples of how to 
effectively incorporate reference and background conditions when conducting ERAs and 
considerations to better coordinate ecological and human health risk assessments at Navy sites are also 
presented and discussed.  

This guide was developed as “Part C” of “PCB ANALYSIS AND RISK ASSESSMENT 
AT NAVY INSTALLATIONS” to provide a framework for assessing the ecological and human 
health risks at Navy Sites. It incorporates contributions provided in an earlier draft prepared by 
Drs. Richard L. DeGrandchamp and Mace G. Barron for the Navy Environmental Health Center.  

Current Navy guidance recommends using a tiered approach for conducting ERAa (CNO 
1999, U.S. EPA 1992, 1998c, 2001a). First, a screening level ERA (Tier I) is conducted to 
determine if site contaminants are likely to pose a risk to ecological receptors. Screening level 
ERAs “are simplified assessments that can be conducted with limited data by assuming values 
for parameters for which data are lacking” (U.S. EPA 1998c). To reduce the chance of 
underestimating risk, conservative parameters are used in the risk assessment. Based on the 
outcome of the screening level assessment, a more detailed baseline risk assessment (Tier II) 
approach can be refined and focused on critical aspects of risk. A description of the Navy’s 
tiered approach can be found on the Internet at http://web.ead.anl.gov/ecorisk.  

1.1 Physicochemical Data for PCBs 
Banned from manufacturing and distribution since 1978, polychlorinated biphenyls 

(PCBs) are highly bioaccumulative and the U.S. EPA has developed a strategy for protecting 
human health and the environment from exposure to PCBs and other persistent, bioaccumulative, 
and toxic (PBT) pollutants (U.S. EPA 1998a). Used extensively in the manufacturing of 
electrical capacitors, carbon-less copy paper, fire retardants, and other applications that required 
products with high heat resistance, elasticity, and durability, many PCBs have been improperly 
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disposed resulting in an almost ubiquitous contamination of the environment. The very 
properties that made PCBs so desirable for industrial applications are the same properties that 
cause PCBs to be resistant to degradation and to accumulate in the environment. PCBs are a 
mixture of compounds that consist of ten homologue groups (mono- through deca-biphenyl) and 
209 different PCB congeners.  

• See Part A: Overview of PCBs 

• See EPA Region V web site for PCB Species Identification.   

• See NAVFAC’s Polychlorinated Biphenyls (PCB) Multimedia Training Tool for 
more information about PCB history, fate and transport, nomenclature, methods, and 
more.)   

The physicochemical properties of PCBs govern their behavior in the environment. Key 
properties include solubility in water, vapor pressure, octanol-water partition coefficient (KOW, 
also referred to as Log P), bioconcentration factor (BCF), and degradation rate. Relative to other 
organic compounds such as aliphatic hydrocarbons, polycyclic aromatic hydrocarbons, and 
nonchlorinated pesticides, PCBs have much lower solubility in water, low vapor pressure 
(semivolatile), higher KOW, very high BCF, and very low degradation rates (MacKay, Shiu, and 
Ma 1992). Because PCBs are very hydrophobic (readily come out of solution), persistent, and 
highly lipophilic (partition into lipids and organic carbon) they readily adsorb onto particles and 
build up in the food chain (bio- and geoaccumulation, Froescheis et al. 2000). The concept of 
fugacity, or the mass transfer of a chemical from one compartment (atmosphere, hydrosphere, 
geosphere, or biosphere) to another as a function of its chemical properties is usually used to 
model the behavior of PCBs in the environment (MacKay, Shiu, and Ma 1992, Connolly et al. 
2000).   

PCBs have been implicated as toxic agents capable of affecting reproduction and 
endocrine function in birds, fish, and mammals (Johnson et al. 2000, Alston et al. 2003). 
Although not necessarily toxic at low concentrations, their capacity to accumulate in the 
environment means that organisms at higher trophic levels (higher in the food chain) are more at 
risk of toxic exposure to PCBs (Burreau et al. 2004, Barnthouse, Glaser, Young, 2003). Recent 
evidence, reviewed and documented in a peer review workshop report on PCBs, suggests that 
some PCBs have dioxin-like properties that can lead to carcinogenic effects in mammals 
including humans (U.S. EPA 1996b). 

See information on physicochemical properties of PCBs for more information on 
obtaining physicochemical data for PCBs. 

1.2 Analytical Methods for PCBs   
The analytical methods selected for PCB analysis will play a very important role in 

making decisions about risks from PCBs (please see Part A of this guide for discussion on the 
various methods for PCB analysis, pros and cons, and examples of when their use may be 
applicable).  Because of the different solubilities, volatilities, and rates of uptake, degradation, 
and metabolism of the individual congeners that make up the mixtures, there may be vast 
differences between the source materials and the PCBs observed in the environment (Van den 
Berg et al. 1998).  Due to these effects, collectively referred to as “weathering,” the use of 
commercial Aroclors as standards to quantify PCB levels in environmental samples has lead to 
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imprecise and semiquantitative results (Rushneck et al. 2004) and created problems in achieving 
low detection levels and the precision and accuracy needed to meet data quality objectives for 
ERAs (Valoppi et al. 1998, 2000). Due to weathering and environmental transformations Aroclor 
mixtures will seldom maintain their original composition once they are released into the 
environment. For example, Aroclor 1268 is composed of 87% octa- and nonachloraphenyls 
(homologues with 8 and 9 chlorines, respectively), which are very heavy molecules with very 
low solubilities and are unlikely to migrate. But the lower chlorinated components which 
compose only a small percentage of the original mixture would be much more susceptible to 
migration and (especially) bioaccumulation. Therefore the environmental fate of Aroclor 
mixtures, which may very well be the original source of contamination, cannot be resolved by 
analyzing for the parent mixture.  

Better analytical methods have resulted in more accurate assessments of PCB exposure 
and a better understanding of the fate and transport of PCBs in the environment.  Congener 
analysis has also been used to identify sources and mechanisms of PCB transport (Butcher and 
Garvey 2004) and bioaccumulation (Sather et al. 2001, Jackson et al. 2001, Hirai et al. 2004, 
Burreau et al. 2004). For example, the signature of PCB congeners (the relative distribution of 
individual congeners) was used to identify sources of ongoing PCB loading in the Hudson River 
from pore water diffusion and releases from contaminated sediment, which were most likely 
mediated by bioturbation and disturbance of the bottom sediments (Butcher and Garvey 2004). 
Relatively, low cost screening methods have also been developed to screen soils, non-aqueous 
liquid wastes, and sediments (Kirtay and Apitz 2000) for the presence of PCBs using an 
immunoassay (Method 4020). Low cost methods are also available to assess the ecological 
exposure to dioxin-like compounds by screening samples with a biomarker assay that can detect 
the presence of dioxin-like compounds (coplanar PCBs, PAHs, and dioxins/furans, Method 
4425, Anderson and Jones 1997, Anderson et al. 1999). 

In many cases, historical data sets were developed using Aroclor methods and approaches 
are needed that can relate congener and Aroclor results to evaluate trends and assess the 
effectiveness of remedies. Methods for converting and comparing sums of measured congeners 
(sumPCB) to total PCB (tPCB) are listed in Table C-1 The National Oceanic and Atmospheric 
Administration’s (NOAA) Status and Trends Program routinely monitored 18 PCB congeners in 
sediment and tissue samples (NOAA 1991) and the same approach was used in the U.S. EPA 
Environmental Monitoring and Assessment Program (EMAP) conducting since the early 1990s. 
More recent studies have included additional dioxin-like coplanar congeners in the suite of 
congeners analyzed (Johnston et al. 2002). It is becoming widely recognized that conger-specific 
methods are superior to Aroclor methods, which usually produced substantially higher estimates 
of PCB concentrations (Butcher et al. 1997, Valoppi et al. 1998, 2000). As was discussed in PCB 
ANALYSIS AND RISK ASSESSMENT AT NAVY INSTALLATIONS Part A: Overview of 
PCBs choosing the appropriate analytical scheme for assessing PCBs at individual sites is very 
complex. Selecting the proper method will be based on site-specific considerations (Bernhard 
and Petron 2001) but in general, sufficiently characterizing the site upfront will avoid the cost of 
repeated sampling, reanalysis, and selecting inappropriate remedies. 

• See PCB ANALYSIS AND RISK ASSESSMENT AT NAVY INSTALLATIONS 
Part A: Overview of PCBs.  

• See PCB methods summary for more information on analytical methods for PCBs. 
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Table C-1.  Source Of Data, Applicable Congeners, And Regressions For Converting PCB 
Congener (Sumpcb) Data Into Total PCB (Tpcb) Values.   

Source of Regression and Applicability PCB Used in the Regression Regression Equation 
NOAA Status and Trends – coastal and 
estuarine areas of the United States (T.P. 
O’Connor, personal communication) 

(NOAA 18) 8, 18, 28, 44, 52, 66, 
101, 105, 118, 128, 138, 153, 
170, 180, 187, 195, 206, 209 

Results are reported as ppb dry weight 

Sediment – All Data  tPCB = 1.98(sumPCB18) + 0.97  r2 = 0.992 
Sediment – Atlantic Coast  tPCB = 1.99(sumPCB18) - 1.7     r2 = 0.993 
Sediment – Gulf Coast  tPCB = 2.05(sumPCB18) + 2.4    r2 = 0.926 
Mollusk Tissue – Atlantic Coast  tPCB = 1.95(sumPCB18) + 3.35   
Mollusk Tissue – Gulf Coast  tPCB = 2.165(sumPCB18) + 2.82   
   

EMAP Carolinian and Louisianan Provinces 
(T.L. Wade, personal communication) 

(NOAA 18) 8, 18, 28, 44, 52, 66, 
101, 105, 118, 128, 138, 153, 
170, 180, 187, 195, 206, 209 

Results are reported as ppb dry weight 

Sediment and Tissue from SE US  tPCB = 2.19(sumPCB18) + 2.19 
   

SINKEX – Deep Ocean Ship Disposal 
(Johnston et al. 2005c) 

(SINKEX 26) 8, 18, 28, 44, 49, 
52, 66, 77, 87, 101, 105, 118, 
126, 128, 138, 153, 156, 169, 
170, 180, 183, 184, 187, 195, 
206, 209 

Results are reported as ppb dry weight 

Fish Tissue from deep ocean  Log(tPCB) = 0.974(Log(sumPCB28)) + 0.41  r2 = 0.93 
   

Coastal ecosystems in British Columbia and 
Northwest Territories (Sather et al. 2001) 

All 209 congeners Results are reported for total Aroclor (tAroclor) as ppb lipid 
(see Sather et al. 2001, Fig. 1). 

Seal, sturgeon, and crab tissues  tAroclor = 1.079(sumPCB209) + 419.6  r2 = 0.96 
   

Hudson River Fish; Translate historic 
Aroclor data to results comparable to modern 
methods (Butcher et al. 1997)   

Aroclor 1016 and 1254 See reference (Butcher et al. 1997) 
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1.3 Formulating Ecological Risks for PCBs   
Measurements or estimates of total PCB exposure are an important component of ERAs 

at sites with PCB contamination. The majority of available bioaccumulation factors and 
ecotoxicity benchmarks are based on total PCBs. These data are mostly from either dosing 
studies with commercial Aroclor mixtures or quantifying field effects using Aroclor-based total 
PCB measurements, although there is a growing body of literature of studies that have 
documented congener specific effects (See review of current literature on the effects of PCBs on 
aquatic and terrestrial ecosystems).   

The first step in evaluating PCB exposure and toxicity to ecological receptors is to 
formulate the problem. Problem formulation will define the scope and level of conservatism of 
the risk assessment (e.g., Tier I or Tier II) and specify the pathways, receptors, and risk questions 
that will be evaluated.  Products of problem formulation include a conceptual site model (Figure 
C-1) and a list of assessment and measurement endpoints (Table C-2) that frame how PCB 
exposure, toxicity, and risks will be assessed.  Problem formulation will focus the ERA on the 
site areas with potential risk, determine what additional sampling is needed, and establish 
whether a more detailed investigation is warranted. 

The objective of a Tier I ERA is to use conservative exposure parameters and ecotoxicity 
benchmarks to determine if site contaminants are likely to pose a risk to ecological receptors. To 
reduce the chance of underestimating risk, conservative parameters are used in Tier I ERAs 
(Table C-3).  This results in a conservatively biased estimate of risk, which can be used to 
eliminate the need to conduct a more detailed risk assessment if the conservative screening 
evaluation results in “a defensible conclusion that no ecological risk exists” (U.S. EPA 1998c). 
Screening level risk assessments are recommended as an important step in developing a 
defensible approach for evaluating ecorisks (US EPA 1992, 1998d). Based on the outcome of the 
screening level assessment, a more detailed baseline risk assessment (Tier II) approach can be 
refined and focused on critical aspects of risk.  For PCB contaminated sites, this typically 
involves using existing data to compare maximum concentrations of total PCBs (e.g., sediment 
and surface water concentrations, estimated biota concentrations) to conservative ecotoxicity 
benchmarks.  Table C-3 summarizes the typical assumptions and considerations used in Tier I 
and Tier II assessments.  
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Figure C-1.  Example of a conceptual model of contaminant sources, transport, and 
exposure in an aquatic food web.  Dark-lined boxes represent sources that may be 

remediated.  Arrows represent routes of transport and exposure, described by the labels.  
Unlabeled arrows represent food web transfers by ingestion.  From Cook, Suter, and Sain 

1998 (permission pending). 
 

Sampling of environmental media should be performed if PCBs are suspected at the site 
but no data exist at the site, or the existing data show no risks but do not encompass areas of 
potentially higher contamination. The conceptual site model (CSM, Figure C-1) should be used 
to guide sampling in those areas and media with potential contamination.  Based on the CSM 
data quality objectives (DQOs) should be developed to determine whether a complete pathway 
for exposure could exist. A sampling plan to assess Tier I ERAs would focus on surface soil (0 - 
30 cm), surface sediment (0 – 10 cm), and surface water collected in proximity to release areas.  
Sediment sampling should focus on depositional areas (e.g., silty rather than sandy sediments 
and sediments with higher organic carbon) because these locations are likely to contain the 
highest concentrations of PCBs.  Selecting the proper method will be based on site-specific 
considerations (Bernhard and Petron 2001), however, in most cases quantifying total PCB based 
on homologue analysis, with the option of quantifying individual congeners, is preferred over 
Aroclor-based analysis methods.  
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Table C-2.  Examples Of Assessment And Measurement Endpoints And Risk 
Questions Addressed By Eras   

Receptor 
Category 

Assessment 
Endpoint 

Measurement Endpoint Risk Question 

  Tier 1 Tier 2  

Plants  
 

Survival, growth, 
and reproduction of 
phytoplankton, 
macro-algae, and 
other plants 

Comparison of 
water concen-
trations of PCBs to 
water quality 
criteria 

Phytotoxicity tests 
(e.g., lettuce, 
native/wild plants) 

Are PCBs in 
surface water 
causing risks to 
aquatic or 
terrestrial plants? 

Benthic 
invertebrates 

Survival, growth, 
and reproduction of 
benthic invertebrate 
communities 

Comparison of 
sediment  
concentrations of 
PCBs to sediment 
toxicity 
benchmarks 

site-specific 
toxicity tests; 
benthic invertebrate 
community indices 
at reference and site 
areas 

Are PCBs in 
sediments 
causing risks to 
benthic 
invertebrates? 

Fish and water 
column 
invertebrates 

Survival, growth, 
and reproduction of 
aquatic organisms 

Comparison of 
surface water  
concentrations of 
PCBs to AWQC1 
and aquatic toxicity 
benchmarks 

Comparison of fish 
tissue 
concentrations of 
PCBs to tissue 
residue benchmarks 

Are site 
contaminants in 
surface water 
causing risks to 
fish and water 
column 
invertebrates? 

Wildlife Survival, growth, 
and reproduction of 
wildlife 

Comparison of ingested doses of PCBs to 
dietary toxicity benchmarks for raccoons, 
mink, and kingfishers.  

Are site 
contaminants in 
forage and prey 
causing risks to 
wildlife? 

  NOAEL2 LOAEL3  

1. AWQC: ambient water quality criteria. 
2. NOAEL: no observed adverse effect level;  
3. LOAEL: lowest observed adverse effect level. 

 

Tier I assessments should also take advantage of the availability of screening methods for 
PCBs (Method 4020, Kirtay and Apitz 2000, Method 4425, Anderson and Jones 1997, Anderson 
et al. 1999) to develop effective sampling schemes that provide adequate coverage of site media 
but only conduct expensive high resolution analysis on a subset of samples to verify the 
screening results. For example, in a study of Sinclair and Dyes Inlets for the Puget Sound Naval 
Shipyard, a large number of sediment samples were screened for PCBs and PAHs by 
immunoassay and heavy metals by XRF. A subset of samples were confirmed using more 
expensive analytical methods and the results were used to map contaminant concentrations 
throughout the Inlets and provide a basis for the Washington State Department of Ecology to 
delist many of the contaminants from the State of Washington’s 303(d) list of impaired water 
bodies (Diefendorfer et al., 2003, Kohn et al., 2003, Kohn et al., 2005).  
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Table C-3. Typical Assumptions And Considerations Used In Estimating Wildlife Exposure 
And Risks In Tier 1 And Tier II Assessments1   

Parameter Units Tier I Tier II 

Exposure Point 
Concentration (EPC) 

media 
specific 

maximum average 

Frequency of detection NA2 not considered, if 
detected 

considered in determining contaminants 
of concern (COCs) 

Receptors NA most sensitive site-specific 

Body weight kg minimum  average 

Ingestion rate g/day maximum average 

Prey Selection % most contaminated site- and species specific 

Bioavailabilty % 100% Modeled or measured estimates of 
bioavailability 

Area Use Factor unitless 1 site and species-specific based on area 
of home range and affected habitat 

Exposure Duration unitless 1 1 or species-specific 

Bioaccumulation factor unitless 3UCL literature 
value or 1 

median literature value or site-specific 
measurement 

Background 
concentrations 

NA evaluated, if 
available 

considered in risk description and 
uncertainty analysis 

Toxicity benchmark4 NA NOAEL LOAEL 

Risk characterization NA Hazard quotient 
(HQ)5 

Weight of evidence (e.g., HQs; toxicity 
testing; ecological surveys) 

1 Tier I: screening level assessment; Tier II: baseline assessment. Step 3a of Navy guidance (CNO, 1999) uses 
Tier II exposure assumptions and Tier I toxicity benchmarks and risk characterization approaches. 
2 NA: not applicable. 
3 Upper confidence limit (e.g., 90% UCL). 
4 NOAEL: no observed adverse effect level used as a screening value in Tier I based on sensitive receptors. 
LOAEL: lowest observed adverse effect level used in deriving toxicity reference value in Tier II based on likely 
species using the affected habitat. Tier I benchmarks should be used for special status species in Tier II 
assessments. 
5 HQ: EPC divided by the toxicity benchmark 

 

If PCBs are not screened out in the Tier I assessment, a Tier II or baseline ERA usually 
needs to be performed.  The focus of Tier II is refining the risk estimates using site-specific and 
species-specific exposure parameters and less conservative ecotoxicity benchmarks (Table C-3). 
 Because PCBs are so susceptible to bioaccumulation, sampling and analysis in Tier II should 
include collecting co-located biological and sediment samples to provide an estimate of site-
specific bioaccumulation factors or BAFs (e.g., the concentration of PCBs in benthic 
invertebrates normalized by lipids divided by the concentration of PCBs in sediment normalized 
by organic carbon, Boese et al. 1996). Biota sampling will also reduce uncertainty in wildlife 
exposures by using measured rather than estimated prey concentrations.  This has the advantages 
of accounting for site-specific bioavailability of PCBs.  Tier II can also include performing 
ecological surveys to evaluate ecological impairment relative to reference areas and bioassay 
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tests to determine toxicity in site media.  For Tier II assessments, it is appropriate to use more 
precise methods such as homologue or congener analysis to better determine actual PCB 
concentrations and evaluate the relative distribution of congeners.  Risk assessment of dioxin-
like coplanar PCBs should also be considered in the weight of evidence, particularly if there is 
uncertainty in the risk estimates based on total PCBs. Tier II is an iterative process where 
additional sampling and analysis provide refined estimates of risk. 

1.4 Toxicological Effects of PCBs to Aquatic and Terrestrial Wildlife   
PCBs have been implicated as toxic agents capable of affecting reproduction and 

endocrine function in birds, fish, and mammals. Toxic responses of PCBs include dermal 
toxicity, immunotoxicity, carcinogenicity, and adverse effects on reproduction, development, and 
endocrine functions Van den Berg et al. 1998. PCBs are known to be persistent, 
bioaccumulative, and highly toxic to aquatic organisms and wildlife (Barron et al. 1995, Eisler 
and Belisle 1996).  For example, PCBs can cause behavioral abnormalities, impaired 
reproduction, developmental toxicity, and death in birds and mammals (Barron et al. 1995; 
Fernie et al. 2001), and PCB exposure is associated with immune impairment, modulation of 
hormone levels, and tumors in fish (Barron et al., 2000).  

Early toxicity studies were conducted on technical Aroclors and exposure was reported as 
PCB or Aroclor concentrations. In the last decade, evidence has been mounting that specific 
congeners are more toxic than others, especially the dioxin-like coplanar PCBs (Ahlborg et al. 
1994, Van den Berg et al. 1998, Barney 2001). Dioxin-like coplanar PCBs are PCB congeners 
with zero or one chlorine atom in the ortho position (closest to the biphenyl double bond, see 
more information on orientation in Part A, and Polychlorinated Biphenyls (PCB) Multimedia 
Training Tool) The concentrations of these dioxin-like coplanar PCB congeners are expressed as 
the equivalent concentration of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), the most potent 
dioxin congener (Van den Berg et al. 1998), determined from the toxicity equivalent quotient 
(TEQ). The TEQ is calculated by summing the products of the concentrations of individual 
congener [PCBcongener] and their toxicity equivalency factor (TEF):  

TEQ = Σ [PCB congeneri]×TEFi [1]

Where TEFi expresses the potency of PCB congeneri relative to TCDD (i.e., TCDD 
TEF=1). The World Health Organization (Van den Berg et al. 1998, U.S. EPA 2000d) has 
established TEFs for fish, birds, and mammals that can be used in ERAs for the coplanar PCBs 
(Table C-4), see TEF Table on U.S. EPA PCB web site). Presently, more studies are being 
published in the scientific literature about the effects of PCB congeners on ecological receptors. 

See review of current literature on the effects of PCBs on aquatic and terrestrial 
ecosystems. 
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Table C-4.  Toxicity Equivalency Factors (Tefs) For Dioxin-Like Coplanar Pcbs And (Van 
Den Berg Et Al. 1998, U.S. EPA 1998e, 2000d)   

PCBcongener Chlorines1 Position2 Fish TEF  Bird TEF Human/Mammal 
TEF 

77 4 non-ortho 0.0001 0.05 0.0001 

81 4 non-ortho 0.0005 0.1 0.0001 

105 5 mono-ortho <0.000005 0.0001 0.0001 

114 5 mono-ortho <0.000005 0.0001 0.0005 

118 5 mono-ortho <0.000005 0.00001 0.0001 

123 5 mono-ortho <0.000005 0.00001 0.0001 

126 5 non-ortho 0.005 0.1 0.1 

156 6 mono-ortho <0.000005 0.0001 0.0005 

157 6 mono-ortho <0.000005 0.0001 0.0005 

167 6 mono-ortho <0.000005 0.00001 0.00001 

169 6 non-ortho 0.00005 0.001 0.01 

189 7 mono-ortho <0.000005 0.00001 0.0001 
1 Number of chlorines in congener. 
2 Position of chlorine near biphenyl double bond 

 

An assessment of dioxin-like coplanar PCB risks should be considered as part of the 
weight of evidence assessment in an ERA, but should not be used as the only measure of PCB 
toxicity (U.S. EPA 2000a). Dioxin-like coplanar PCBs are the most toxic components of the 
PCB mixture, but they do not account for other modes of toxicity to fish and wildlife.  Also, they 
are very minor components of total PCB concentrations, and may require a separate and costly 
analysis.  Because of their ability to bioaccumulate in biota and high toxicity to wildlife, analyses 
of dioxin-like coplanar PCBs are recommended in prey samples of wildlife. Analyses of dioxin-
like coplanar PCBs in surface water, sediment, and soil are less critical because ecotoxicity 
benchmarks have not been well established for these media. It would be very costly to conduct 
chemical characterization of these media for the presence of dioxin-like compounds.  However, 
newer, low cost, screening methods can be used to screen samples for the presence of PCBs 
(Method 4020, Kirtay and Apitz 2000) and dioxin-like compounds, Method 4425, Anderson and 
Jones 1997, Anderson et al. 1999).  
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2.0 DERIVING TOXICITY BENCHMARKS FOR PCBS   

2.1 Benchmarks for Aquatic Ecosystems   
 Benchmarks should be selected to evaluate potential effects to a broad range of 
organisms found at the site. For aquatic ecosystems, benchmark concentrations for water (WB), 
sediment (SB), and tissue residues of fish (TFish) and invertebrates (TInvert) are commonly used 
to assess the risk of PCBs at sites suspected to be contaminated with PCBs (Johnston et al. 
2005a, 2005b, MESO 2000). The available benchmarks for assessing risks of PCBs in surface 
water include chronic values ranging from 0.01 to 10.5 ug/L (Suter 1996) that were derived to 
protect fish and water column invertebrates.  The U.S. EPA ECOTOX 
http://www.epa.gov/ecotox website contains a large database that may be useful in deriving site-
specific benchmarks1. Current chronic AWQC for total PCBs are 0.014 ug/L (freshwater) and 
0.03 ug/L (marine), which were derived for the protection of wildlife as well aquatic organisms 
(U.S. EPA 1998b, Buchman 1999). Currently, AWQC are not available for individual PCB 
congeners, or for dioxin-like coplanar PCBs. However, a body of scientific literature is growing 
as more studies are being published on the effects of PCBs on ecological receptors (see review of 
current literature on the effects of PCBs on aquatic and terrestrial ecosystems). 

The available benchmarks for assessing risks of PCB contaminated sediment are based on 
toxicity to benthic invertebrates, and are presented as sediment toxicity screening values (mg/kg 
sediment dry weight) for total PCBs.  Screening values for total PCBs summarized by Buchman 
(1999) ranged from 0.026 to 0.277 mg/kg for freshwater sediment and 0.22 to 0.19 mg/kg for 
marine sediment.  MacDonald et al. (2000) derived consensus-based ecotoxicity benchmarks for 
PCBs that were considered applicable to both freshwater and marine sediments. Table C-5 lists 
the threshold effect concentration (TEC; 0.04 ng/g; concentration below which adverse effects 
are unlikely) of MacDonald et al. (2000) as the Tier I ecotoxicity benchmark, and the mid-range 
effect concentration (MEC; 0.4 ng/g; concentration above which adverse effects frequently 
occur) as the Tier II benchmark.  Although sediment organic carbon is known to control PCB 
bioavailability, MacDonald et al. (2000) considered these benchmarks to be applicable to the 
range of organic carbon values that occur in marine, estuarine, and freshwater environments. 

Ecotoxicity benchmarks for dioxin-like coplanar PCBs in sediment have not been 
established. The Canadian Ministry of the Environment (CME 2000) has proposed interim 
Environmental Quality Guidelines (EQGs) for polychlorinated dioxins and furans as a TEQ (i.e., 
equivalent concentration of TCDD). In the absence of alternative values, PCB benchmarks for 
Tier I (0.85 ng TEQ/kg sediment) and Tier II (21.5 ng TEQ/kg) can be used as benchmarks for 
dioxin-like coplanar PCBs in sediment (Table C-6).   

Benchmarks of effects from PCBs for tissue residues in fish and invertebrates can also be 
used to assess potential ecological effects (Johnston et al 2003b, 2005a, 2005b, 2005c). The 
tissue residue benchmarks (Table C-7) are chemical residue thresholds at or below which 
adverse toxicological effects would not be expected. The benchmarks for PCB residues are based 
on the tissue screening value (TSV), bioaccumulation critical values (BCV), critical body residues 
(CBR), and dietary uptake benchmarks.  

                                                 
1 To obtain the information on PCBs use the advanced query tool and select  “PCBs” as a class of chemical. This 
will return data for all PCB compounds. 
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Table C-5.  Examples of Tier I and Tier II Toxicity Benchmarks for total PCBs1   
Receptor Pathway Tier I  

Benchmark 
Tier II  

Benchmark 
Source 

AWQC1 Freshwater 0.014 ug/L same as Tier I EPA (1999a) 

 Saltwater 0.03 ug/L   

Benthic 
invertebrates 

sediment 0.04 mg/kg dw 0.40 mg/kg dw MacDonald et al. 
(2000) 

Fish2,3 body residue 1.9 mg/kg ww 9.3 mg/kg ww EPA (2000a) 

bird2,4 egg residue 2 mg/kg ww 7.6 mg/kg ww EPA (2000a) 

 ingestion 1.8 mg/kg*d 7.1 mg/kg*d   

Mammal2,5 ingestion 
(raccoon) 

0.32 mg/kg*d  1.5 mg/kg*d EPA (2000a) 

 ingestion 
(mink) 

0.004 mg/kg*d 0.04 mg/kg*d   

1 Established guidelines are not available except for ambient water quality criteria (AWQC).  Concentrations reported in either 
dry weight (dw) or wet weight (ww) basis; ingestion dose is mg per kg body weight (ww) per day. Tier I benchmarks should 
be used for special status species in Tier II assessments. 
2 Screening values are species-specific.  
3 Screening value for striped bass is listed. Residue levels will be lower for salmonids (trout, salmon). 
4 Screening value for great blue heron is listed. Ingestion value is kg (ww) body weight. 
5 Screening values for raccoon and mink are listed. Mink are among most sensitive mammalian species to PCBs and 
benchmarks are higher for non-related species. 

Table C-6.  Examples Of Toxicity Benchmarks For Dioxin-Like PCBs As Toxicity 
Equivalent Quotient (TEQ)1,2   

Receptor Pathway Tier I  
Benchmark 

Tier II  
Benchmark 

Source 

Benthic 
invertebrates 

sediment 0.85 ng/kg dw3  21.5 ng/kg dw3 CME (2001) 

Fish4 egg residue  8 ug/kg lipid  18 ug/kg lipid EPA (2000) 

Bird5 egg residue 0.3 ug/kg ww 0.5 ug/kg ww EPA (2000) 

 ingestion 0.0014 ug/kg×d ww 0.014 ug/kg×d ww  

Mammal6 
 

ingestion 
(raccoon) 

0.001 ug/kg×d ww 0.01 ug/kg×d ww EPA (2000) 

 ingestion 
(mink) 

0.00008 ug/kg×d ww 0.00224 ug/kg×d ww  

1 TEQ determined as equivalent concentration of TCDD using TEFs (see text and Table C-). Concentrations reported on a dry 
weight (dw), wet weight (ww), or lipid weight basis; ingestion dose is mg per kg body weight (ww) per day. 
2 Established guidelines are not available. Tier I benchmarks should be used for special status species in Tier II assessments. 
3 Screening values are interim Canadian Environmental Quality Guidelines for PCDDs and PCDFs.  
4 Screening value for striped bass is listed. Residue levels will be lower for salmonids (trout, salmon) 
5 Screening values are species-specific; screening value for great blue heron is listed. 
6 Screening values are species-specific; screening values for raccoon and mink are listed. Mink are among the most sensitive 
mammalian species to PCBs. 
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Tissue screening values (TSV), originally developed for screening-level ERAs at Navy 
sites (URS 2002), are the concentrations of chemicals in the tissue of an organism that would 
occur if water exposure levels exceeded the chronic fresh water quality criteria assuming a 
generic bioconcentration factor applicable to aquatic organisms (U.S. EPA 1980, URS 2002, 
Shepard 1998, Dyer et al. 2000). Similar in concept to the TSV, the bioaccumulation critical 
values (BCV) for fish and invertebrates were calculated using the most recent saltwater quality 
criteria for chronic exposure to PCBs (U.S. EPA 1999a, Buchman 1999) and bioconcentration 
factors applicable to marine fish and invertebrates (Johnston et al. 2005a, 2005b). 

Table C-7.  Benchmarks For PCB Concentrations In Tissues Of Saltwater Fish And 
Invertebrates (From Johnston Et Al. 2005b)   

 Residue Level mg/Kg wet weight  

Benchmark Fish Invertebrate Exposure Pathway 

Tier I 

TSV1  0.436  0.436 Effects from bioaccumulation 

NOED3  1.500  0.600 Effects from critical body residues 

DolphinNOAEL
5  0.317  0.317 Effects from dietary exposure 

GullNOAEL
5  0.833  0.833 Effects from dietary exposure 

CormorantNOAEL
5  0.800 NA7 Effects from dietary exposure 

Tier II 

Bcv2  0.936  7.446 Effects from bioaccumulation 

LOED4  1.800  1.100 Effects from critical body residues 

DolphinLOAEL
6  1.583  1.583 Effects from dietary exposure 

GullLOAEL
6  8.333  8.333 Effects from dietary exposure 

CormorantLOAEL
6  8.000 NA7 Effects from dietary exposure 

1 Calculated with chronic freshwater quality criteria set to 0.014 ug/L and assuming a bioaccumulation factor (31200 
L/Kg) applicable to aquatic species with an average lipid content of 3%. 
2 Calculated with chronic saltwater quality criteria set to 0.03 ug/L and assuming bioaccumulation factors applicable 
to marine fish and invertebrates normalized to 3% lipid. 
3 No observed effect dose 
4 Lowest observed effect dose 
5 No observed adverse effect level for dietary exposure  
6 Lowest observed effect level for dietary exposure  
7 Not Applicable to piscivore 
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Critical body residues (CBRs) are the tissue concentrations that, when exceeded, can 
cause adverse effects in an organism. The CBRs are based on bioassays where tissue residues in 
aquatic organisms were related to biological effects. A database of environmental residue-effects 
is maintained by the Army Corps of Engineers, Environmental Laboratory, Vicksburg, MS, 
http://www.wes.army.mil/el/ered, which can be searched to develop no observed effect dose 
(NOED) and lowest observed effect dose (LOED) benchmarks for ecological receptors (fish and 
invertebrates, Table C-7).  Tissue residue benchmarks for PCBs in whole body samples of fish 
from the Hudson River were derived by EPA (2000a) that are applicable to both Tier I (1.9 
mg/kg wet weight) and Tier II (9.3 mg/kg wet weight) (Table C-5).  EPA (2000a) ) also derived 
tissue residues for dioxin-like coplanar PCBs as TEQs in fish eggs, but not for whole body 
concentrations (Table C-6).  

Dietary uptake benchmarks are obtained by calculating the concentration of PCBs in prey 
(fish) of a predator (dolphin) that corresponds to the toxicity reference value (TRV) – the dose or 
media concentration – that can cause an effect to the organism. Typically, the no observed 
adverse effect level (NOAEL) and lowest observed adverse effect level (LOAEL) are used to 
calculated the TRVs (U.S. Army 2000). Experimentally derived toxicity values for mammals 
(minks - NOAELmink) can be converted to effects levels for other mammals such as raccoons or 
dolphins (TRVDolphin) by scaling the dose to the ratio of body weight of the test species to the 
body weight of the receptor species using an empirical relationship (Sample et al. 1996): 

 
TRVDolphin 

 
= 

4/1

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

dolphin

mink
mink bw

bwNOAEL
 

[2]

Based on the similarity of toxicity values reported among avian species, the NOAEL and 
LOAEL reported for the rink necked pheasant (NOAELPheasant) are assumed to be equivalent to 
the NOAEL and LOAEL for other avian receptors such as herring gulls and cormorants (Sample 
et al. 1996). 

2.2 Benchmarks for Wildlife 
Generally, historical toxicological studies on PCBs were performed using pure, 

unweathered Aroclor mixtures. In the context of assessing environmental contamination of 
PCBs, there is little chance that organisms are being exposed to unweathered Aroclors. 
Therefore, it is usually acceptable to interpret (or assume) that “total Aroclor” exposure levels 
(benchmarks) represent total PCB exposure. Practical procedures, that are widely accepted, are 
available for converting the sum of measured congeners to total PCB equivalents (see Table C-1) 
to assess risk to ecological receptors. Recently, toxicological studies have been conducted that 
relate effects more directly to environmentally relevant exposures of PCBs. See review of current 
literature on the effects of PCBs on aquatic and terrestrial ecosystems. 

There is an extensive toxicity database for the adverse effects of PCBs in birds for both 
total PCBs and dioxin-like coplanar PCBs, which shows a large range in species sensitive and 
PCB mixture-dependent toxicity (Barron et al. 1995).  Sample et al. (1996) lists total PCB 
benchmarks for birds ranging from 0.18 to 1.8 mg/kg×d (mg total PCBs ingested per kg body 
weight per day). Specific PCB ecotoxicity benchmarks for wildlife receptors were derived by 
EPA (2000a) for both bird egg residues (mg/kg egg) and ingested doses of PCBs.  Example Tier 
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I and Tier II benchmarks for total PCBs (Table C-5) and coplanar PCBs as TEQs (Table C-6) are 
listed for the great blue heron, which occurs in a diversity of habitats.  

Screening benchmarks derived for a variety of mammal species ranged from 0.005 to 4.7 
(applicable to Tier I) and 0.055 to 11.7 mg/kg d-1 (applicable to Tier II), with mink being among 
the most sensitive of all tested animal species (Sample et al. 1996). Examples of Tier I and 
Tier II benchmarks are listed for minks and raccoons (less sensitive) for total PCBs (Table C-3) 
and coplanar PCBs as TEQs (Table C, U.S. EPA 2000a).  These species occur in a diversity of 
habitats and span a range of species sensitivity in mammals.  In comparison, Eisler and Belisle 
(1996) recommended total PCB ingestion of less than 0.1 to less than 1.3 mg/kg d-1 for the 
protection of wildlife.  Efroymson et al. (1997) derived a preliminary remediation goal (PRG) for 
total PCBs of 0.371 mg/kg soil for protection of highly exposed terrestrial species (i.e., shrews 
consuming earthworms), and a surface water PRG for total PCBs of 0.0019 ug/L for protection 
of sensitive wildlife (i.e., river otter) consuming fish with bioaccumulated PCBs. 

More information on PCB risk assessments 

• EPA Region 4 Polyclorinated Biphenyls (PCBs) Program Ex-Oriskany Project 
(Draft PCB Disposal Approval for Ex-Oriskany Project)  

• Hudson River PCBs Superfund Site Reassessment 

• Fox River PCB cleanup   

• USEPA New England GE/Housatonic River website 

• Great Lakes Binational Toxics Strategy 

2.3 Characterizing Exposure and Effects 
Analyzing PCB exposure to ecological receptors involves determining the exposure point 

concentration (EPC) of PCBs in ecologically relevant media: surface soil (0-30 cm depth), 
surface sediment (0-10 cm depth), and surface water.  Groundwater is usually not considered 
unless it is used as a surrogate for surface water or pore water in the absence of other data. 
Wildlife exposures are typically estimated using simple exposure models to calculate the average 
daily dose (D). See Table C-8 for additional parameters for estimating exposure to blue heron 
and mink.  

The dietary consumption benchmarks (D) of prey tissues can determined by the following 
relationships: 

 

D = (TRV × UF)/F μg/g (wet weight)  [3]

Where    

TRV = Toxicity Reference Value for receptor species (e.g. No Observed 
Adverse Effects Level – NOAEL) 

UF = Uncertainty factor   

F = Dietary uptake factor (g/g body weight/day)  

 = aRdL  [4]
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a = Assimilation efficiency = 0.9   

R = Food ingestion rate (g/g body weight/day)  

 = f/bw (g/g body weight day-1)  [5]

f = Food consumption rate g/day  

bw = Body weight g 

d = Fraction of diet = 1.0   

L = Fraction of life span = 1.0   

In the absence of published NOAELs, the lowest observed adverse effect level (LOAEL) 
can be used.  To make LOAELs comparable to NOAELs, uncertainty factors (UF) can be 
applied to benchmark concentrations (U.S. EPA 1993).  Generally, an uncertainty factor (UF) of 
0.1 is used to convert the lowest observed adverse effect level (LOAEL) to a NOAEL, and an UF 
of 0.01 is used to convert a lethal dose to 50% of the population (LD50) to a NOAEL (U.S. EPA 
1993, U.S. Army 2000).  

 

Table C-8.  Example Ranges Of Exposure Parameter Values For The Great Blue Heron 
And Mink (U.S. EPA 2000a)   

Parameter Symbol Units Heron Mink 

Body weight BW kg (ww) 1.87 - 2.88 0.55 - 1.36 

Ingestion rate IRwet kg/d (ww) 0.284 - 0.455 0.119 - 0.145 

 IRdry kg/d (dw) 0.097 - 0.108 0.042 - 1.013 

Water Consumption WI L/d 0.089 - 0.119 0.052 - 0.131 

Diet Composition PD % fish: 72 - 98 
AI1: 1 - 18 
IS1: 0 - 4.3 

fish: 18.8 - 34 
AI1: 13.9 - 16.5 
NR1: 49.5 - 67 
IS1: 1 

Home range HR kilometers 0.6 - 1.37 1.0 - 5.0 

1. AI: aquatic invertebrates; NR: non-river sources; IS: incidental sediment ingestion. 

 

Exposure analysis in Tier I assessments are usually based on the maximum detected 
concentrations of PCBs and conservative exposure assumptions. If PCBs are not detected above 
the analytical detection limit, the concentration can be defined as one half of the analytical 
detection limit. Typical assumptions and considerations used in estimating wildlife exposure and 
risks in Tier I are presented in Table C-3, including 100% bioavailability and 100% site use.  If 
concentrations of PCBs in wildlife prey are unavailable in a Tier I assessment, they could be 
estimated using literature derived bioaccumulation factors (Table C-9). Incidental soil or 
sediment ingestion can be important in determining PCB risks, and standard parameters can be 
found in Beyer et al., (1994). 
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Table C-9.  Example Bioaccumulation Factors (BAF) Or Bioconcentration Factors (BCF) 
For PCBs  

Pathway BAF/BCF 
Range Source 

Soil to earthworm 0 - 10.4 Sample et al. 1999 

Soil to small mammal 1.2 Efroymson et al. 1997 

Sediment to benthic invertebrate 1 - 23.7 U.S. EPA 2000b 

Sediment to fish 0.1 - 30 U.S. EPA 2000b 

Water to fish 1 - 50,100 U.S. EPA 2000b 

Fish to bird or mammal 0.5 - 93 U.S. EPA 2000b 

Sediment to bird 4.2 - 133 U.S. EPA 2000b 

 

Exposure analysis in Tier II (including Navy ERA step 3a; CNO 1999) uses average or 
upper confidence level (UCL) to define the exposure.  Frequency of detection and background 
sources are also considered. Concentrations of PCBs in wildlife prey can either be estimated 
using literature derived bioaccumulation factors or determined using measured concentrations.  
As shown in Table C-9, BAFs and BCF can vary substantially, with BAFs of over 10 million 
reported for the accumulation of some planar PCBs from surface water into shellfish (U.S. EPA 
2000b). 

The Tier II effects analysis typically uses lowest observed adverse effect level (LOAEL) 
or similar benchmarks that represent concentrations above which adverse effect are likely. Tier I 
ecotoxicity benchmarks should be used in Tier II if special status species (endangered or 
threatened species) are known to be present at the site. Tier II ERAs may also involve field 
studies and toxicity testing of soil, sediment, or surface water to determine if aquatic organisms 
or wildlife are being impacted at the site.  General guidance on these procedures that are 
applicable to PCB contaminated sites include EPA ECO UPDATES on using toxicity tests and 
performing field studies for ecological risk assessment (U.S. EPA 1994a, 1994b, 1994c) and 
bioassessment protocols and guidance for freshwater (U.S. EPA 1999b) and estuarine and coastal 
marine waters (U.S. EPA 2000c). Note that EPA (1994b) suggests caution on using standard 
toxicity testing with PCBs because of the potential for adverse effects on reproduction that is not 
detected in many standardized tests (e.g., 10 day sediment bioassays). Although effects from 
PCBs are not generally associated with direct toxicity tests, PCBs can interact with other 
chemicals and cause additive, synergistic, or antagonistic effects (Farrington et al. 2001). Risks 
in Tier II can be quantified by HQs as in Tier I.  Additionally, a probabilistic assessment of PCB 
risks can be used because it incorporates the variability and uncertainty in exposure and toxicity, 
and provides directly interpretable risk descriptions for risk managers (U.S. EPA 1999c, 
Johnston et al. 2001).   
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3.0 ASSESSING REFERENCE AND BACKGROUND LEVELS OF PCBS   
Ubiquitous contamination of PCBs in the environment (Tilbury et al. 2002, Froescheis et 

al. 2000, Looser et al. 2002, Johnson et al. 2000) makes it difficult to attribute observed PCB 
levels to specific sources. Concentrations of PCBs that are present within the ecological system 
vary greatly across large regions from the Great Lakes (Jackson et. al 2001), Hudson River and 
New York Bight (Barnthouse et al 2003), to California (Froescheis et al. 2000) and the Pacific 
Northwest (West et al. 2001). A reliable estimate of reference and background conditions will 
allow the “incremental risk” posed by the site to be evaluated. In addition, an explicit definition 
of background and reference data developed prior to the assessment can help provide a context 
for interpreting the results of risk investigations (Judd et al. 2003). Furthermore, Navy policy 
requires that background chemical levels be evaluated to determine risks associated with 
CERCLA sites (CNO 2004, BMI et al. 2003). Therefore, it is very important to develop 
information about background and reference levels of PCBs for the ecosystem being evaluated.  
Background concentrations of PCBs are PCBs that are present in the environment due to 
processes, sources, and human activities that are not related to releases that may of occurred at 
the site being evaluated (CNO 2004, BMI et al. 2003). 

The U.S. EPA’s Environmental Monitoring and Assessment Program (EMAP) national 
monitoring program is an important source of background data available for ERAs. One of the 
more advanced monitoring programs is the coastal and estuarine monitoring program. Data 
available from EMAP studies can provide information that can be used to evaluate contaminant 
trends in biota and develop an overall assessment of the environmental conditions in the various 
regions of the US (Figure C-2). Although EMAP is focused on coastal areas and estuaries, which 
can have relatively high levels of pollutants, the sample program also includes many pristine and 
unimpacted locations as well (Hyland et al. 1998). For example, in the ERA conducted for 
REEFEX (Johnston et al. 2005a) background PCB levels were estimated from data available for 
the Carolinian Province through the EMAP website. Specifically, tissue residue data on fish 
(spot — Leiostomus xanthurus and croaker — Micropogonias undulatus), white shrimp (Penaeus 
setiferus), blue crab (Callinectes sapidus) and oyster (Crassostrea virginica) were used to 
estimate contaminant levels present in biota within the region. Samples of these tissues were 
analyzed for PCBs and heavy metals. These data were used to evaluate background/regional 
concentrations of PCBs and metals in fish and invertebrate tissues. 

• Environmental Monitoring and Assessment Program (EMAP) Data 
http://www.epa.gov/emap/html/data.html  

• EMAP 2000 Coastal Viewer http://epamap2.epa.gov/coastal2k/viewer.htm  

• Download the Draft National Coastal Conditions Report 
http://www.epa.gov/owow/oceans/nccr2/downloads.html   

• Puget Sound Ambient Monitoring Program 
http://www.psat.wa.gov/Programs/PSAMP.htm  
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Figure C-2.  Screen shot of EMAP data available for the SE US.   

 

3.1 Coordinating Ecological and Human Health Risk Assessments 
At many sites both ecological and human health risks from PCBs will need to be 

addressed. This is especially true in cases where there is a complete pathway in the food chain to 
human consumers such as hunters, fishers, or commercially and recreationally harvested 
products like fish and shellfish.  In many cases the conceptual site model for HH and ERA will 
identify similar sources, uptake routes, and exposure pathways for PCBs that can be evaluated 
simultaneously during the risk assessment process. Careful planning and consideration of DQOs 
is required to obtain data from site investigations that would support both ERAs and HHRAs.  

There are similar steps for conducting problem formulation, exposure assessment, and 
risk characterization for both HH and ERA that would benefit from an integrated approach 
(Staveley et al. 2000). These include identification of exposure pathways, development of 
exposure point concentrations in site media (water, sediment, and tissue), evaluation of "sentinel" 
organisms for assessing exposure, effects, and susceptibility, and sharing the results of fate, 
transport, and food chain modeling (Staveley et al. 2000). However, fundamental differences in 
the assessment endpoints and receptors (species, habitats, trophic levels, etc for ERA and 
sensitive human subpopulations for HHRA) and effects benchmarks (water quality criteria for 
ERA and RfCs, RfDs, and carcinogenicity for human health) will require different types of data 
and information to complete the risk assessments (Staveley et al. 2000). 

For example, when conducting ERAs it is usually desirable to evaluate tissue 
concentrations for whole body concentrations, because predators typically consume all of their 
prey, while human health risk assessments rely on data from specific edible tissues (e.g. fish 
fillets). In general, if the tissue concentrations are normalized to lipid content, there is usually 
quite good agreement between PCBs measured in whole body and individual tissues, Amrhein et 
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al 1999). A conversion factor can be calculated to relate the ratio of tPCBs in the whole body to 
the fillet: 

ConvFac = tPCBWB/tPCBFillet [6]

ConvFacL = (tPCBWB/lipidWB)/(tPCBFillet/lipidFillet) [7]

The whole body tissues are composed of internal organs with relatively higher lipids 
(visera, liver, and gonads) as well as tissues with low lipid content (head, tail, bones, etc). If the 
fillets are analyzed with “skin on,” which would include the layer of fatty tissue between the skin 
and fillet, the differences between whole body and fillet concentration are not great (Table C-10). 
Of course, using data from fillets with skin on in the HHRA is only appropriate if that is how it is 
eaten by the local subpopulation being evaluated. 

Table C-10.  Comparison Of Ratio Between Whole Body:Fillet tPCB Concentrations 
Reported In The Literature. Fillets Were Analyzed With "Skin On"   

 Whole Body : Fillet  

Fish Species wet weight lipid weight Reference 

Rainbow Trout 1.47 0.85 Amrhein et al 1999 

Coho Salmon 1.70 0.98 Amrhein et al 1999 

Coho Salmon 1.50  
Stow and Carpenter 1994 cited Amrhein et al 
1999 

Coho Salmon 1.00  
Jackson and Schindler 1996 cited in Amrhein 
et al 1999 

Black Sea Bass 1.39 0.74 Johnston et al. 2005a 

White Grunt 1.19 0.84 Johnston et al. 2005a 

Vermillion Snapper 1.01 0.94 Johnston et al. 2005a 

 

The ERA will be focused on populations, communities, complex systems, and gradients 
of conditions while the HRA will be focused on individuals, single species (humans), morbidity 
and mortality (Staveley et al. 2000). In a recent study conducted for the World Health 
Organization on integrating human health and ERA assessments (Suter et al. 2001) the following 
recommendations for improving risk assessments were made: 

“For all risk assessments, an interdisciplinary team should perform the problem formulation. 
It should, in consultation with the risk manager, identify the stressors and sources, select the 
endpoints, define the environment, and develop a conceptual model. The team should then 
determine whether there are linkages between the sources of stressors and potentially 



 

C-21 

significant responses of both human and ecological endpoints. If there are linkages to both 
types of endpoint receptors, the team should then plan and carry out an assessment that uses 
consistent data, exposure and effects models, and risk characterization. They should 
communicate their results in a consistent and integrated manner so that risk managers and 
stakeholders understand the implications of alternative actions. Finally, they should support 
the decision-making process by providing results in terms that are appropriate to the decision 
logic used by the risk manager” (Suter et al. 2001).   

4.0 SUMMARY  
This guide provides basic information relevant to assessing the ecological risk of PCBs to 

aquatic and terrestrial ecosystems. Physicochemical information about PCBs, methods for 
determining PCB concentrations in water, sediment, soil, and fish and wildlife tissue samples, 
toxicological effects of PCBs on aquatic and terrestrial wildlife, and approaches applicable to 
formulating and assessing ecological risks of PCBs are reviewed. Specific information on 
developing ERA benchmarks for PCBs, analyzing PCB congener distributions, and current 
literature on evaluating the bioaccumulation and toxicity of PCBs are reviewed and links to 
primary literature sources are provided in this guide. Information and examples of how to 
effectively incorporate reference and background conditions when conducting ERA and 
considerations to better coordinate ecological and human health risk assessments at Navy sites are also 
presented and discussed. 

 



 

C-22 

APPENDIX A 

REFERENCES 
 

This section contains an expanded bibliographic citation for the references listed in this 
report as well as additional references pertinent to PCBs in the environment. If available, the 
world wide web links to the Abstract, Full Text (in HTML or PDF format), and supporting 
information are provided. In the case of scientific journals and copyrighted materials, a 
subscription or membership is required to access some of the online information (usually full text 
and print versions of the articles). For ease of access, reprints of selected articles and reports are 
provided on the distribution CD and can be accessed by selecting the <Reprint> link, located at 
the end of the citation. Available reprints can be viewed by browsing the reference document 
directory on the CD (.\RefDocs). 

Alphabetical Listing: 

A – B 
Ahlborg et al. 1994. Toxic equivalency factors for dioxin-like PCBs: Report on a WHO-ECEH 
and IPCS consultation, December 1993. Chemosphere, Vol. 28, No. 6, 1049-1067.  

Alston, D.A., Bernard Tandler, Brunella Gentels, Drnest E. Smith, 2003. Testicular 
histopathology in deer mice (Peromyscus maiculatus) following exposure to polychlorinated 
biphenyl. Chemosphere, Volume 52 (2003) pp283-285. <Reprint> 

Amrhein, James F., Stow, Craig A., Wible, Clay. 1999: WHOLE-FISH VERSUS FILET 
POLYCHLORINATED-BIPHENYL CONCENTRATIONS: AN ANALYSIS USING 
CLASSIFICATION AND REGRESSION TREE MODELS. Environmental Toxicology and 
Chemistry: Vol. 18, No. 8, pp. 1817–1823. [Abstract] [Full-text Article] [Print Version] 
<Reprint> 

Anderson, J.W. and J.M. Jones. 1997. Assessment of PAH contamination of populations of the 
forage fish, sand lance (Ammodytes hexapterus), inhabiting clean and oil-impacted sediments. 
Exxon Valdez Oil Spill Restoration Project Final Report (Restoration Project 96163P). National 
Oceanic and Atmospheric Administration, National Marine Fisheries Service, Office of Oil Spill 
Damage Assessment and Restoration, Juneau, AK (NTIS No. PB98-136880). <Reprint> 

Anderson, J.W. et al. 1999. Correlation of CYP1A1 induction, as measured by P450 RGS 
biomarker assay, with high molecular weight PAHs in mussels deployed at various sites in San 
Diego Bay in 1993 and 1995. Marine Environmental Research 48:389-405. <Reprint>   

Anderson, J.W.,  S.I. Hartwell and M.J. Hameedi.  Submitted.  A biomarker used as an 
environmental indicator in the identification of coastal sediment contamination.  Environ. Sci. 
Technol. 

Antunes, Paulo and Odete Gil, 2004. PCB and DDT contamination in cultivated and wild sea 
bass from Ria de Aveiro, Portugal*1, Chemosphere, Volume 54, Issue 10, March 2004, Pages 
1503-1507 <Reprint> 

Arenal, Christine A., Halbrook, Richard S., Woodruff, MaryJo. 2004: EUROPEAN STARLING 
(STURNUS VULGARIS): AVIAN MODEL AND MONITOR OF POLYCHLORINATED 
BIPHENYL CONTAMINATION AT A SUPERFUND SITE IN SOUTHERN ILLINOIS, USA. 



 

C-23 

Environmental Toxicology and Chemistry: Vol. 23, No. 1, pp. 93–104. [Abstract] [Full-text 
Article] [Print Version]  

Aries, Eric, David R. Anderson, Nicholas Ordsmith, Keith Hall and Raymond Fisher, 2004. 
Development and validation of a method for analysis of "dioxin-like" PCBs in environmental 
samples from the steel industry, Chemosphere, Volume 54, Issue 1, January 2004, Pages 23-31. 

Ashley, J. T. F.; Secor, D. H.; Zlokovitz, E.; Wales, S. Q.; Baker, J. E.; 2000; Linking Habitat 
Use of Hudson River Striped Bass to Accumulation of Polychlorinated Biphenyl Congeners 
Environ. Sci. Technol.; (Article);  34(6); 1023-1029.  DOI: 10.1021/es990833t Abstract Full: 
HTML /  PDF (112k)ASTM. 1999. Standard Guide E 1853M-98 for Measuring the Presence of 
Planar Organic Compounds which Induce CYP1A, Reporter Gene Test Systems, In: Vol. 11.05: 
Biological Effects; Environmental Fate; Biotechnology; Pesticides, Section 11: Water and 
Environmental Technology, 1999 Annual Book of ASTM Standards, American Society for 
Testing and Materials, West Conshohocken, PA. 

Ballschmiter, Karlheinz 2003.  Pattern and sources of naturally produced organohalogens in the 
marine environment: biogenic formation of organohalogens, Chemosphere, Volume 52, Issue 2, 
July 2003, Pages 313-324 

Barney J., 2001. PCB Species Identification, US EPA Region V Toxics Reduction Team, 
Chicago, IL. http://www.epa.gov/toxteam/pcbid/ 

Barnthouse, L. W.; Glaser, D.; Young, J.; 2003; Effects of Historic PCB Exposures on the 
Reproductive Success of the Hudson River Striped Bass Population Environ. Sci. Technol.; 
(Article); 37(2); 223-228. DOI: 10.1021/es025876f Abstract Full: HTML /  PDF (138k)  

Baron, Lisa A., Sample, Bradley E., Suter II, Glenn W. 1999: ECOLOGICAL RISK 
ASSESSMENT IN A LARGE RIVER–RESERVOIR: 5. AERIAL INSECTIVOROUS 
WILDLIFE. Environmental Toxicology and Chemistry: Vol. 18, No. 4, pp. 621–627. [Abstract] 
[Full-text Article] [Print Version] 

Barron, M.G., H. Galbraith, and D. Beltman. 1995. Comparative Reproductive and 
Developmental Toxicology of PCBs in Birds. Comp. Biochem. Physiol. 112C:1-14. 

Barron, M.G., J. Hansen and J. Lipton. 2001. Association between contaminant tissue residues 
and adverse effects in aquatic organisms. Rev. Environ. Contamin. Toxicol. 173:1-37. 

Barra, Ricardo, Marco Cisternas, Claudia Suarez, Alberto Araneda, Osvaldo Piñones and Peter 
Popp, 2004. PCBs and HCHs in a salt-marsh sediment record from South-Central Chile: use of 
tsunami signatures and 137Cs fallout as temporal markers, Article in Press, Pages 965-972  

Barron, M.G., M.J. Anderson, S. The, D.E. Hinton,  J. Zelikoff, A. Dikkeboom, D. Tillitt and N. 
Denslow. 2000. PCB contamination and biomarker responses in walleye from Green Bay, Lake 
Michigan. J. Great Lakes Res. 26:250-271. 

(BMI et al 2003) Battelle Memorial Institute, Earth Tech, Inc., and NewFields, Inc., 2003. 
Guidance For Environmental Background Analysis Volume II: Sediment. NFESC User’s Guide 



 

C-24 

UG-2054-EN. April 2003 
http://web.ead.anl.gov/ecorisk/related/documents/Final_BG_Sediment_Guidance.pdf  

Bernhard, Teresa and Steve Petron 2001. Analysis of PCB Congeners vs. Arcolors in Ecological 
Risk Assessment. Navy Guidance for Conducting Ecological Risk Assessments. 
http://web.ead.anl.gov/ecorisk/issue/pdf/PCB%20IssuePaperNavy.pdf  

Bergen, Barbara J., Nelson, William G., Pruell, Richard J. 1996: COMPARISON OF 
NONPLANAR AND COPLANAR PCB CONGENER PARTITIONING IN SEAWATER AND 
BIOACCUMULATION IN BLUE MUSSELS (MYTILUS EDULIS). Environmental Toxicology 
and Chemistry: Vol. 15, No. 9, pp. 1517–1523.[Abstract] [Full-text Article] [Print Version]  

Bergen, Barbara J., Nelson, William G., Quinn, James G., Jayaraman, Saro. 2001: 
RELATIONSHIPS AMONG TOTAL LIPID, LIPID CLASSES, AND POLYCHLORINATED 
BIPHENYL CONCENTRATIONS IN TWO INDIGENOUS POPULATIONS OF RIBBED 
MUSSELS (GEUKENSIA DEMISSA) OVER AN ANNUAL CYCLE. Environmental 
Toxicology and Chemistry: Vol. 20, No. 3, pp. 575–581. [Abstract] [Full-text Article] [Print 
Version]  

Beyer, W. N., Connor, E. E.,  and Gerould, S. 1994.  Estimates of Soil Ingestion by Wildlife.  J. 
Wildlife Manage. 58:375-382. 

Björk M, Gilek M. 1997. Bioaccumulation kinetics of PCB 31, 49 and 153 in the blue mussel, 
Mytilus edulis L. as a function of algal food concentration: Aquat Toxicol 31:101–123. 

Björk, Mikael, Gilek, Michael. 1999: EFFICIENCIES OF POLYCHLORINATED BIPHENYL 
ASSIMILATION FROM WATER AND ALGAL FOOD BY THE BLUE MUSSEL (MYTILUS 
EDULIS). Environmental Toxicology and Chemistry: Vol. 18, No. 4, pp. 765–771. [Abstract] 
[Full-text Article] [Print Version]  

Boese, Bruce L., Lee II, Henry, Specht, David T., Pelletier, Judith, Randall, Robert. 1996: 
EVALUATION OF PCB AND HEXACHLOROBENZENE BIOTA–SEDIMENT 
ACCUMULATION FACTORS BASED ON INGESTED SEDIMENT IN A DEPOSIT-
FEEDING CLAM. Environmental Toxicology and Chemistry: Vol. 15, No. 9, pp. 1584–1589. 
[Abstract] [Full-text Article] [Print Version]  

Borrell, A., G. Cantos, T. Pastor and A. Aguilar, 2004. Levels of organochlorine compounds in 
spotted dolphins from the Coiba archipelago, Panama, Chemosphere, Volume 54, Issue 5, 
February 2004, Pages 669-677. 

Brenner, R. C.; Magar, V. S.; Ickes, J. A.; Foote, E. A.; Abbott, J. E.; Bingler, L. S.; Crecelius, 
E. A. 2004; Long-Term Recovery of PCB-Contaminated Surface Sediments at the Sangamo-
Weston/Twelvemile Creek/Lake Hartwell Superfund Site; Environ. Sci. Technol.; (Article); 
38(8); 2328-2337.  DOI: 10.1021/es030650d Abstract Full: HTML /  PDF (242k) Supporting 
Information 

Bucheli, Thomas D. and Örjan Gustafsson, 2003. Soot sorption of non-ortho and ortho 
substituted PCBs, Chemosphere, Volume 53, Issue 5, November 2003, Pages 515-522.  



 

C-25 

Buchman, M.F., 1999, NOAA Screening Quick Reference Tables (SQuiRT), NOAA HAZMAT 
Report 99-1, Seattle, WA, Coastal Protection and Restoration Division, NOAA, 12pp. 
http://response.restoration.noaa.gov/cpr/sediment/squirt/squirt.html  

Buckman, Andrea H., Brown, Scott B., Hoekstra, Paul F., Solomon, Keith R., Fisk, Aaron T. 
2004: Toxicokinetics of Three Polychlorinated Biphenyl Technical Mixtures in Rainbow Trout 
(Oncorhynchus Mykiss). Environmental Toxicology and Chemistry: Vol. 23, No. 7, pp. 1725–
1736. [Abstract] [Full-text Article] [Print Version]  

Burreau, Sven, Yngve Zebühr , Dag Broman and Rasha Ishaq, 2004. Biomagnification of 
polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs) studied in pike 
(Esox lucius), perch (Perca fluviatilis) and roach (Rutilus rutilus) from the Baltic Sea, 
Chemosphere, In Press, Corrected Proof, Available online 3 March 2004,  

Burreau, Sven, Yngve Zebühr , Dag Broman and Rasha Ishaq, 2004. Biomagnification of 
polychlorinated biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs) studied in pike 
(Esoxlucius), perch (Perca fluviatilis) and roach (Rutilus rutilus) from the Baltic Sea, Article in 
Press, Pages 1043-1052.  

Bursian S.J., R.J. Aulerich, B. Yamini, D.E. Tillitt, 2003. Dietary exposure of mink to fish from 
the Housatonic River: Effects on reproduction and survival. Final report submitted to Weston 
Solution, West Chester, PA, 106pp. http://www.epa.gov/NE/ge/thesite/restofriver-reports2.html  

Brunström, Björn Bert-Ove Lund, Anders Bergman, Lillemor Asplund, Ioannis Athanassiadis, 
Maria Athanasiadou, Sören Jensen and Jan Örberg. 2001: Reproductive Toxicity In Mink 
(Mustela Vison) Chronically Exposed To Environmentally Relevant Polychlorinated Biphenyl 
Concentrations. Environmental Toxicology and Chemistry: Vol. 20, No. 10, pp. 2318–2327. 
[Abstract] [Full-text Article] [Print Version] 

Butcher, J. B.; Garvey, E. A., 2004. PCB Loading from Sediment in the Hudson River: Congener 
Signature Analysis of Pathways Environ. Sci. Technol.; (Article); 2004; 38(12); 3232-3238.  
DOI: 10.1021/es035453t Abstract Full: HTML /  PDF (213k) Supporting Information <Reprint; 
Supporting Info> 

Butcher, Jonathan B., Gauthier, Thomas D., Garvey, Edward A. 1997: USE OF HISTORICAL 
PCB AROCLOR MEASUREMENTS: HUDSON RIVER FISH DATA. Environmental 
Toxicology and Chemistry: Vol. 16, No. 8, pp. 1618–1623. [Abstract] [Full-text Article] [Print 
Version] <Reprint> 

C – F 

Chana, A.; Concejero, M. A.; de Frutos, M.; Gonzalez, M. J.; Herradon, B.; 2002; Computational 
Studies on Biphenyl Derivatives. Analysis of the Conformational Mobility, Molecular 
Electrostatic Potential, and Dipole Moment of Chlorinated Biphenyl: Searching for the 
Rationalization of the Selective Toxicity of Polychlorinated Biphenyls (PCBs) Chem. Res. 
Toxicol.; (Article); 15(12); 1514-1526.  DOI: 10.1021/tx025596d Abstract Full: HTML /  PDF 
(1465k) Supporting Information 



 

C-26 

CME. 2001. Canadian Environmental Quality Guidelines. Canadian Council of Ministers of the 
Environment. http://www.ccme.ca  

(CNO) Chief of Naval Operations 1999. Navy policy for conducting ecological risk assessments. 
Chief of Naval Operations. Memorandum from CNO to Commander, Naval Facilities 
Engineering Command. Ser N453E/9U595355. April 5, 1999. 
http://web.ead.anl.gov/ecorisk/policy/    

CNO 2004. Navy policy on the use of background chemical levels. Chief of Naval Operations. 
Memorandum from CNO to Commander, Naval Facilities Engineering Command. Ser 
N45C/N4U732212, 30 January, 2004. 
http://web.ead.anl.gov/ecorisk/policy/pdf/Final_Navy_Background_Policy.pdf  

Connolly, J. P.; Zahakos, H. A.; Benaman, J.; Ziegler, C. K.; Rhea, J. R.; Russell, K. 2000; A 
Model of PCB Fate in the Upper Hudson River Environ. Sci. Technol.; (Article); 34(19); 4076-
4087;DOI: 10.1021/es001046v Abstract Full: HTML /  PDF (262k)  

Cook, P. M.; Robbins, J. A.; Endicott, D. D.; Lodge, K. B.; Guiney, P. D.; Walker, M. K.; Zabel, 
E. W.; Peterson, R. E. 2003. .  Effects of Aryl Hydrocarbon Receptor-Mediated Early Life Stage 
Toxicity on Lake Trout Populations in Lake Ontario during the 20th Century Environ. Sci. 
Technol.; (Article); 2003; 37(17); 3864-3877  DOI: 10.1021/es034045m, Abstract Full: HTML /  
PDF (551k) Supporting Information 

Cook, Robert B., Suter II, Glenn W., Sain, E. Riley. 1999: ECOLOGICAL RISK 
ASSESSMENT IN A LARGE RIVER–RESERVOIR: 1. INTRODUCTION AND 
BACKGROUND. Environmental Toxicology and Chemistry: Vol. 18, No. 4, pp. 581–588. 
[Abstract] [Full-text Article] [Print Version] <Reprint> 

Coulibaly, Lansana, Mohamed E. Labib and Robert Hazen, 2004. A GIS-based multimedia 
watershed model: development and application, Article in Press, March 2004 Pages 1067-1080. 

de Brito, Ana P. X., Daisuke Ueno, Shin Takahashi and Shinsuke Tanabe Organochlorine and 
butyltin residues in walleye pollock (Theragra chalcogramma) from Bering Sea, Gulf of Alaska 
and Japan Sea, Chemosphere, Volume 46, Issue 3, January 2002, Pages 401-411.  

deBruyn, Adrian M.H., Michael G. Ikonomou, and Frank A. P. C. Gobas 2004. Magnification 
and Toxicity of PCBs, PCDDs, and PCDFs in Upriver-Migrating Pacific Salmon. Environ. Sci. 
Technol.; 2004; 38(23) pp 6217 - 6224; (Article) DOI: 10.1021/es049607w 
http://pubs3.acs.org/acs/journals/doilookup?in_doi=10.1021/es049607w  

Diefenderfer H.L, N.P. Kohn, E.A. Crecelius, R.K Johnston, G.M. Sherrell 2003. Final Draft: 
Technical Approach to Address Section 303(d) Listings for Metals in Sinclair and Dyes Inlets. 
PSNS Project ENVVEST. (Final Draft August 7, 2003). <Reprint> 

Drouillard, Ken G., Fernie, Kimberly J., Smits, Judit E., Bortolotti, Gary R., Bird, David M., 
Norstrom, Ross J. 2001: BIOACCUMULATION AND TOXICOKINETICS OF 42 
POLYCHLORINATED BIPHENYL CONGENERS IN AMERICAN KESTRELS (FALCO 



 

C-27 

SPARVERIUS). Environmental Toxicology and Chemistry: Vol. 20, No. 11, pp. 2514–2522. 
[Abstract] [Full-text Article] [Print Version]  

Dyer, S.D., C. White-Hull, and B.K. Shephard, “Assessments of chemical mixtures via toxicity 
reference values overpredict hazard to Ohio fish communities”. ES&T 34: 2518-2524, 2000. 

Easton, M. D. L., D. Luszniak and E. Von der Geest Preliminary examination of contaminant 
loadings in farmed salmon, wild salmon and commercial salmon feed, Chemosphere, Volume 
46, Issue 7, February 2002, Pages 1053-1074.  

Efroymson, R. A., Suter II, G. W., Sample, B. E., and Jones, D. S. 1997.  Preliminary 
Remediation Goals for Ecological Endpoints.  Oak Ridge National Laboratory. ES/ER/TM-
162/R2.  http://www.hsrd.ornl.gov/ecorisk/guidance.html  

Eisler, R. and Belisle, A. A. 1996. Planar PCB Hazards to Fish, Wildlife, and Invertebrates: A 
Synoptic Review. U.S. Department of Interior. Biological Report 31. August 1996. 

Echols, K. R.; Gale, R. W.; Schwartz, T. R.; Huckins, J. N.; Williams, L. L.; Meadows, J. C.; 
Morse, D.; Petty, J. D.; Orazio, C. E.; Tillitt, D. E.; 2000. Comparing Polychlorinated Biphenyl 
Concentrations and Patterns in the Saginaw River Using Sediment, Caged Fish, and 
Semipermeable Membrane Devices  Environ. Sci. Technol.; (Article); 2000; 34(19); 4095-
4102. DOI: 10.1021/es001169f Abstract Full: HTML /  PDF (128k)  

Farrington, John W. et al. 2001. A Risk Management Strategy for PCB-Contaminated Sediments. 
Board on Environmental Studies and Toxicology, National Academy of Sciences. National 
Academy Press, http://books.nap.edu/books/0309073219/html/  

Fisher, Marla A., Jelaso, Anna M., Predenkiewicz, Amy, Schuster, Lindsey, Means, Jay, Ide, 
Charles F. 2003: EXPOSURE TO THE POLYCHLORINATED BIPHENYL MIXTURE 
AROCLOR® 1254 ALTERS MELANOCYTE AND TAIL MUSCLE MORPHOLOGY IN 
DEVELOPING XENOPUS LAEVIS TADPOLES. Environmental Toxicology and Chemistry: 
Vol. 22, No. 2, pp. 321–328. [Abstract] [Full-text Article] [Print Version]  

Fernie, K. J., Smits, J. E., Bortolotti, G. R., and Bird, D. M. 2001. Reproduction success of 
American kestrels exposed to dietary polychlorinated biphenyls. Environ. Toxicol. Chem. 
20:776-781. 

Focant, F., C. Pirard and E. De Pauw, 2004. Levels of PCDDs, PCDFs and PCBs in Belgian and 
international fast food samples, Chemosphere, Volume 54, Issue 1, January 2004, Pages 137-142 
J.  

Froescheis, Oliver, Ralf Looser, Gregor M. Cailliet, Walter M. Jarman and Karlheinz 
Ballschmiter, 2000. The deep-sea as a final global sink of semivolatile persistent organic 
pollutants? Part I: PCBs in surface and deep-sea dwelling fish of the North and South Atlantic 
and the Monterey Bay Canyon (California), Chemosphere, Volume 40, Issue 6, March 2000, 
Pages 651-660. <Reprint> 



 

C-28 

Frame et al., 1996. G. M. Frame, J. W. Cochran, and S.S. Boewadt. Complete PCB congener 
distributions for 17 Aroclor mixtures determined by 3 HRGC systems optimized for 
comprehensive, quantitative, congener-specific analysis. J. High Resol. Chromatogr., 19:657-
668. December 1996. http://www.epa.gov/toxteam/pcbid/download/aroclor_frame.xls (accessed 
July 2004) See also plots of Aroclor composition: 
http://www.epa.gov/toxteam/pcbid/aroclor_plots.htm (accessed July 2004) 

G – L 

Gatehouse, Robyn, 2004. Ecological Risk Assessment of Dioxins in Australia - Technical Report 
No. 11, Australian Government, Department of the Environment and Heritage, May 2004, ISBN 
0 642 55003 4. http://www.deh.gov.au/settlements/publications/chemicals/dioxins/report-
11/index.html  

Gilek, Michael, Björk, Mikael, Broman, Dag, Kautsky, Nils, Näf, Carina. 1996: ENHANCED 
ACCUMULATION OF PCB CONGENERS BY BALTIC SEA BLUE MUSSELS, MYTILUS 
EDULIS, WITH INCREASED ALGAE ENRICHMENT. Environmental Toxicology and 
Chemistry: Vol. 15, No. 9, pp. 1597–1605. [Abstract] [Full-text Article] [Print Version]  

Hebert, C. E.; Hobson, K. A.; Shutt, J. L.; 2000; Changes in Food Web Structure Affect Rate of 
PCB Decline in Herring Gull (Larus argentatus) Eggs Environ. Sci. Technol.; (Article); 34(9); 
1609-1614.  DOI: 10.1021/es990933z Abstract Full: HTML /  PDF (99k) 

Hirai, Yasuhiro, Shin-ichi Sakai, Nobuhisa Watanabe and Hiroshi Takatsuki, 2004. Congener-
specific intake fractions for PCDDs/DFs and Co-PCBs: modeling and validation, Chemosphere, 
Volume 54, Issue 10, March 2004, Pages 1383-1400  

Huang, Yue-Wern, Stegeman, John J., Woodin, Bruce R., Karasov, William H. 2001: 
IMMUNOHISTOCHEMICAL LOCALIZATION OF CYTOCHROME P4501A INDUCED BY 
3,3′,4,4′,5-PENTACHLOROBIPHENYL (PCB 126) IN MULTIPLE ORGANS OF 
NORTHERN LEOPARD FROGS, RANA PIPIENS. Environmental Toxicology and Chemistry: 
Vol. 20, No. 1, pp. 191–197. [Abstract] [Full-text Article] [Print Version]  

Hyland, J.L., L. Balthis, C.T. Hackney, G. McRae, A.H. Ringwood, T.R. Snoots, R.F. Van 
Dolah, and T.L. Wade. 1998. Environmental quality of estuaries of the Carolinian Province: 
1995. Annual statistical summary for the 1995 EMAP-Estuaries demonstration Project in the 
Carolinian Province. NOAA Technical Memorandum NOS ORCA 123 NOAA/NOS, Office of 
Ocean Resources Conservation and Assessment, Silver Spring, MD. 143 p. 
http://www.epa.gov/emap/html/pubs/docs/groupdocs/estuary/ssum/cpabs95.html  

Imamoglu, I.; Li, K.; Christensen, E. R.; McMullin, J. K.; 2004; Sources and Dechlorination of 
Polychlorinated Biphenyl Congeners in the Sediments of Fox River, Wisconsin Environ. Sci. 
Technol.; (Article); 38(9); 2574-2583. DOI: 10.1021/es035165x Abstract Full: HTML /  PDF 
(277k) Supporting Information  

Isosaari, Pirjo, Kiviranta, Hannu, Lie, Øyvind, Lundebye, Anne-Katrine, Ritchie, Gordon, 
Vartiainen, Terttu. 2004: ACCUMULATION AND DISTRIBUTION OF 



 

C-29 

POLYCHLORINATED DIBENZO-p-DIOXIN, DIBENZOFURAN, AND 
POLYCHLORINATED BIPHENYL CONGENERS IN ATLANTIC SALMON (SALMO 
SALAR). Environmental Toxicology and Chemistry: Vol. 23, No. 7, pp. 1672–1679. [Abstract] 
[Full-text Article] [Print Version]  

Iwata, H.; Watanabe, M.; Okajima, Y.; Tanabe, S.; Amano, M.; Miyazaki, N.; Petrov, E. A. 
2004; Toxicokinetics of PCDD, PCDF, and Coplanar PCB Congeners in Baikal Seals, Pusa 
sibirica: Age-Related Accumulation, Maternal Transfer, and Hepatic Sequestration. Environ. Sci. 
Technol.; (Article); 38(13); 3505-3513.  DOI: 10.1021/es035461+ Abstract Full: HTML /  PDF 
(169k) Supporting Information  

Jackson, L. J.; Carpenter, S. R.; Manchester-Neesvig, J.; Stow, C. A.; 2001; PCB Congeners in 
Lake Michigan Coho (Oncorhynchus kisutch) and Chinook (Oncorhynchus tshawytscha) Salmon 
Environ. Sci. Technol.; (Article); 35(5); 856-862.  DOI: 10.1021/es001558+ Abstract Full: 
HTML /  PDF (85k) Supporting Information  

Jarvinen AW, Ankley GT (1999) Linkage of Effects to Tissue Residues: Development of a 
Comprehensive Database for Aquatic Organisms Exposed to Inorganic and Organic Chemicals. 
SETAC Press, Pensacola, FL. 

Jiménez, Olga, Jiménez, Begoña, Gonzalez, Maria José. 2000: ISOMER-SPECIFIC 
POLYCHLORINATED BIPHENYL DETERMINATION IN CETACEANS FROM THE 
MEDITERRANEAN SEA: ENANTIOSELECTIVE OCCURRENCE OF CHIRAL 
POLYCHLORINATED BIPHENYL CONGENERS. Environmental Toxicology and Chemistry: 
Vol. 19, No. 11, pp. 2653–2660. [Abstract] [Full-text Article] [Print Version]  

Johnson, Barry L., Heraline E. Hicks, William Cibulas, Obaid Faroon, Annette E. Ashizawa, 
Christopher T. De Rosa, Vincent  J. Cogliano, and Milton Clark 2000. PUBLIC HEALTH 
IMPLICATIONS OF EXPOSURE TO POLYCHLORINATED BIPHENYLS (PCBs). Agency 
for Toxic Substances and Disease Registry http://www.atsdr.cdc.gov/DT/pcb007.html (accessed 
July 2004) 

Johnson, Glenn W., Walter M. Jarman, Corinne E. Bacon, Jay A. Davis, Robert Ehrlich, and 
Robert W. Risebrough Resolving Polychlorinated Biphenyl Source Fingerprints in Suspended 
Particulate Matter of San Francisco Bay; Environ. Sci. Technol.; pp 552 - 559; (Article) DOI: 
10.1021/es981246v Abstract   Full:  HTML /  PDF (284K)  Supporting Info   

Johnston RK, Munns WR Jr, Mills LJ, Short FT, Walker HA, eds. 1994. Estuarine ecological 
risk assessment for Portsmouth Naval Shipyard, Kittery, Maine: Phase I: Problem Formulation. 
Technical Report 1627. Naval Command, Control, and Ocean Surveillance Center, Research 
Development Test and Evaluation Division, San Diego, CA, USA. 

Johnston, R.K., 1999. Assessing the ecological risk of toxic chemicals on coastal and estuarine 
ecosystems, Doctoral Dissertation, University of Rhode Island, 1999, 299pp. 

Johnston, R.K. and R. Valenti 2001. Specifying and Evaluating Analytical Chemistry Quality 
Requirements for Ecological Risk Assessments. MESO-01-TM-01, February 2001. <Reprint> 



 

C-30 

Johnston, R. K., Munns, W. R. Jr., and Nacci, D. E., “A Probabilistic Analysis To Determine 
Ecological Risk Drivers,” Environmental Toxicology And Risk Assessment: Science, Policy, 
And Standardization - Implications For Environmental Decisions: Tenth Volume, ASTM STP 
1403, B. M. Greenberg, R. N. Hull, M. H. Roberts, Jr., and R. W. Gensemer, Eds., American 
Society for Testing and Materials, West Conshohocken, PA, 2001. <Reprint> 

Johnston, R.K. et al. 2001. Comparison of PCB analysis by GC Electron Capture Detection and 
GC-MS Selective Ion Monitoring Analytical Methods Draft, paper presented at Society of 
Environmental Toxicology and Risk Assessment Annual Meeting, Baltimore, MD, Nov 2001. 
<Reprint> 

Johnston, R.K., W.R. Munns, P.L. Tyler, K. Finkelstein, K. Munney, P. Whittemore, A. 
Mellvile, and S. Hahn, 2002. Weighing the Evidence of Ecological Risk of Chemical 
Contamination in the Estuarine Environment Adjacent to the Portsmouth Naval Shipyard, 
Kittery, Maine, USA. Environmental Toxicology and Chemistry Vol 21, No. 1, pp 182-194. 
<Reprint> 

Johnston, Robert K, Heather Halkola, Wild J William, Ronald G. Gauthier, Robert George, 
Christine In, Melvin Bell, and Robert Martore, 2003. A Screening Level Ecorisk Assessment for 
Using Former Navy Vessels to Construct Artificial Reefs, Final Report, Prepared for REFEEX 
Technical Working Group, Space and Naval Warfare Systems Center, San Diego, CA, July 17, 
2003, 322pp. http://peoships.crane.navy.mil/reefing/resources.htm <Reprint> 

Johnston, R.K., H. Halkola, R.George, C. In, R. Gauthier, W. Wild, M. Bell and R. Martore, 
2003. Assessing the Ecological Risk of Creating Artificial Reefs from ex-Warships. Proceeding 
of Oceans 2003 Marine Technology and Ocean Science Conference, September 22-36, 2003, 
San Diego, CA, pp851-860. <Reprint> 

Johnston, R.K., H. Halkola, R.George, C. In, R. Gauthier, W. Wild, M. Bell and R. Martore, 
2005a. The Ecological Risk Of Using Former Navy Vessels To Construct Artificial Reefs: An 
Initial And Advanced Screening Level Ecorisk Assessment Final Report. Final Report. May 30, 
2005, Space and Naval Warfare Systems Center, San Diego, CA, 598pp. 
http://www.epa.gov/region4/air/lead/documents/TheEcologicalRiskofUsingformerNavyVesselst
oConstructAritificialReefsandInitialandAdvancedScr.pdf  <Reprint> 

Johnston, R.K., R. George, K.E. Richter, P.F. Wang, and W.J. Wild, 2005b. EX-ORISKANY 
Artificial Reef Project: Ecological Risk Assessment. Draft Final Report June 14, 2005b, 
Prepared for: Program Executive Office Ships (PMS333) Naval Sea Systems Command, Space 
and Naval Warfare Systems Center, San Diego, CA, 268pp. 
http://www.epa.gov/Region4/air/lead/documents/ex-
OriskanyArtificialReefProjectEcologicalRiskAssessment6-05-drftfinal.pdf <Reprint> 

Johnston, Robert K., Ronald D. Gauthier, William J. Wild, Fredrick Newton, and John Hardin 
2005c. Assessing the Ecological Risk of PCBs Released from Sunken Ships in the Deep Ocean 
from PCB Concentrations Measured in Sablefish Tissues. In Risk Assessment of the Potential 
Release of PCBs and Other Contaminants from Sunken Navy Ships in the Deep Ocean: ex-USS 



 

C-31 

AGERHOLM Case Study. Space and Naval Warfare Systems Center, San Diego, CA, Draft 
Final Sept 2005. <Reprint> 

Jones, Daniel S., Barnthouse, Lawrence W., Suter II, Glenn W., Efroymson, Rebecca A., Field, 
Jennifer M., Beauchamp, John J. 1999: ECOLOGICAL RISK ASSESSMENT IN A LARGE 
RIVER–RESERVOIR: 3. BENTHIC INVERTEBRATES. Environmental Toxicology and 
Chemistry: Vol. 18, No. 4, pp. 599–609. [Abstract] [Full-text Article] [Print Version] <Reprint> 

Juan, Y., G. O. Thomas, K. T. Semple and K. C. Jones, 1999. Methods for the analysis of PCBs 
in human food, faeces and serum, Chemosphere, Volume 39, Issue 9, October 1999, Pages 1467-
1476 C.  

Judd, Nancy L., James R Karr, William C Griffith, Elaine M Faustman, 2003. Challenges in 
Defining Background Levels for Human and Ecological Risk Assessments Human and 
Ecological Risk Assessment. Boca Raton:  Dec 2003. Vol. 9, Iss. 7;  pg. 1623. <Reprint> 

Kannan, Kurunthachalam, Kajiwara, Natsuko, Watanabe, Mafumi, Nakata, Haruhiko, Thomas, 
Nancy J., Stephenson, Mark, Jessup, David A., Tanabe, Shinsuke. 2004: PROFILES OF 
POLYCHLORINATED BIPHENYL CONGENERS, ORGANOCHLORINE PESTICIDES, 
AND BUTYLTINS IN SOUTHERN SEA OTTERS AND THEIR PREY. Environmental 
Toxicology and Chemistry: Vol. 23, No. 1, pp. 49–56. [Abstract] [Full-text Article] [Print 
Version]  

Khaled, Azza, Ahmed El Nemr, Tarek O. Said, Amany El-Sikaily and Aly M. A. Abd-Alla, 
2004. Polychlorinated biphenyls and chlorinated pesticides in mussels from the Egyptian Red 
Sea coast, Chemosphere, Volume 54, Issue 10, March 2004, Pages 1407-1412.  

Kim, MeeKyung, Sooyeon Kim, Seonjong Yun, Myoungheon Lee, Byunghoon Cho, Jongmyung 
Park, Seongwan Son and Okkyung Kim, 2004. Comparison of seven indicator PCBs and three 
coplanar PCBs in beef, pork, and chicken fat, Chemosphere, Volume 54, Issue 10, March 2004, 
Pages 1533-1538.  

Kirtay, V. and S. Apitz, 2000. Rapid Sediment Characterization (RSC) for Ecological Risk 
Assessments in Sediments Ecorisk Issue Paper, Navy Guidance for Conducting Ecorisk 
Assessments. http://web.ead.anl.gov/ecorisk/issue/   

Knutzen, Jon, Birger Bjerkeng, Kristoffer Næs and Martin Schlabach, 2004. Polychlorinated 
dibenzofurans/dibenzo-p-dioxins (PCDF/PCDDs) and other dioxin-like substances in marine 
organisms from the Grenland fjords, S. Norway, 1975–2001: present contamination levels, 
trends and species specific accumulation of PCDF/PCDD congeners, Chemosphere, Volume 52, 
Issue 4, July 2003, Pages 745-760.  

Kohn, N.P, M.C. Miller H. L. Diefenderfer, R.K. Johnston, G.M. Sherrell, and B. Beckwith. 
2003. Sampling and Analysis Plan Sediment Metals Verification Study for Sinclair and Dyes 
Inlet, Washington. Prepared by PNNL Marine Sciences Laboratory for PSNS & IMF Project 
ENVVEST, August 2003. <Reprint> 



 

C-32 

Kohn, N.P, M.C. Miller H. L., Brandenberger, and Johnston, R.K. 2004. Metals Verification 
Study for Sinclair and Dyes Inlets, Washington” prepared by BSML and SSC-SD in support of 
PSNS&IMF Project ENVVEST 
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-14872.pdf <Reprint> 

Kubota, A.; Iwata, H.; Tanabe, S.; Yoneda, K.; Tobata, S. 2004; Levels and Toxicokinetic 
Behaviors of PCDD, PCDF, and Coplanar PCB Congeners in Common Cormorants from Lake 
Biwa, Japan Environ. Sci. Technol.; (Article); ASAP Article;  DOI: 10.1021/es0494858 Abstract 
Full: HTML /  PDF (213k)  

Litten, Simon, Brian Fowler and Diane Luszniak, 2002. Identification of a novel PCB source 
through analysis of 209 PCB congeners by US EPA modified method 1668, Chemosphere, 
Volume 46, Issues 9-10, March 2002, Pages 1457-1459. 

Long, E. R., MacDonald, D. D., Smith, S. L., and Calder F. D., 1995, “Incidence of adverse 
biological effects within the ranges of chemical concentrations in marine and estuarine 
sediments,” Environmental Management Vol. 19, pp. 81-97. 

Long, E. R.; Dutch, M.; Aasen, S.; Welch, K.; Hameedi, M. J.  2003.  Chemical Contamination, 
Acute Toxicity in Laboratory Tests, and Benthic Impacts in Sediments of Puget Sound: A 
Summary of Results on the Joint 1997-1999 Ecology/NOAA Survey.  Washington State 
Department of Ecology Publication No. 03-03-049 and NOAA Technical Memorandum NOS 
NCCOS CCMA 163. 

Looser, Ralf, Oliver Froescheis, Gregor M. Cailliet, Walter M. Jarman and Karlheinz 
Ballschmiter, 2000. The deep-sea as a final global sink of semivolatile persistent organic 
pollutants? Part II: organochlorine pesticides in surface and deep-sea dwelling fish of the North 
and South Atlantic and the Monterey Bay Canyon (California), Chemosphere, Volume 40, Issue 
6, March 2000, Pages 661-670. <Reprint> 

Lung, S.-C. C.; Chen, C.-F.; Hu, S.-C.; Bau, Y.-P.; 2003;  Exposure of Taiwan Residents to 
Polychlorinated Biphenyl Congeners from Farmed, Ocean-Caught, and Imported Fish Environ. 
Sci. Technol.; (Article); 37(20); 4579-4585. DOI: 10.1021/es026478f Abstract Full: HTML /  
PDF (119k) Supporting Information  

Luthy, R. et al. 2003. Bioavailability of Contaminants in Soils and Sediments: Processes, Tools, 
and Applications. Water Science and Technology Board, National Academy of Science, National 
Academy Press, 420pp. http://books.nap.edu/books/0309086256/html/index.html  

M - P 

Mackay, D., W.Y. Shiu, and K.C. Ma, 1992. Illustrated handbook of physical-chemical 
properties and environmental fate for organic chemicals, Vol. I, Monoaromatic Hydrocarbons, 
Chlorobenzens, and PCBs. Lewis Publishers, Boca Raton, FL, 697pp. 

MacDonald D. D., Dipinto, L. M.., Field, J., Ingersoll, C. G., Long, E. R., Swartz, R. C.. 2000b.  
Development and Evaluation of Consensus-Based Sediment Effect Concentrations for 
Polychlorinated Biphenyls. Environ. Toxicol. Chem. 19:1403-1413.  



 

C-33 

(MESO) Marine Environmental Support Office, 2000, Estuarine Ecological Risk Assessment for 
Portsmouth Naval Shipyard, Final Report, Vol. I and II, Space and Naval Warfare Systems 
Center, San Diego, CA. <Reprint> 

Monosson, E., J. T. F. Ashley, A. E. McElroy, D. Woltering and A. A. Elskus, 2003. PCB 
congener distributions in muscle, liver and gonad of Fundulus heteroclitus from the lower 
Hudson River Estuary and Newark Bay, Chemosphere, Volume 52, Issue 4, July 2003, Pages 
777-787.  

Mormede, Sophie and Ian M. Davies, 2003. Horizontal and vertical distribution of organic 
contaminants in deep-sea fish species, Chemosphere, Volume 50, Issue 4, January 2003, Pages 
563-574.  

Murata, Mariko, Naomasa Iseki, Shigeki Masunaga and Junko Nakanishi, 2003. Estimation of 
effects of dioxins and dioxin-like PCBs on wildlife population––a case study on common 
cormorant, Chemosphere, Volume 53, Issue 4, October 2003, Pages 337-345.  

Naito, Wataru, Jiancheng Jin, Youn-Seok Kang, Masumi Yamamuro, Shigeki Masunaga and 
Junko Nakanishi Dynamics of PCDDs/DFs and coplanar-PCBs in an aquatic food chain of 
Tokyo Bay, Chemosphere, Volume 53, Issue 4, October 2003, Pages 347-362. 

Neumeier, Günther. Toxicology and Health Impact of PCBs.  
http://www.chem.unep.ch/pops/POPs_Inc/proceedings/slovenia/neumeier1.html (accessed Oct 
2004). 

National Oceanic and Atmospheric Administration, 1991, Second summary of data on chemical 
contaminants in sediments from the National Status and Trends Program, Technical 
Memorandum NOS OMA 59, Rockville, MD. 

Nilsson, Tobias, Sune Sporring and Erland Björklund Selective supercritical fluid extraction to 
estimate the fraction of PCB that is bioavailable to a benthic organism in a naturally 
contaminated sediment, Chemosphere, Volume 53, Issue 8, December 2003, Pages 1049-1052. 

O’Connor, T.P., Personal Communication, Jan 31, 1997. <Reprint> 

Palace, Vince P., Klaverkamp, Jack F., Lockhart, W. Lyle, Metner, Don A., Muir, Derek C.G., 
Brown, Scott B. 1996: MIXED-FUNCTION OXIDASE ENZYME ACTIVITY AND 
OXIDATIVE STRESS IN LAKE TROUT (SALVELINUS NAMAYCUSH) EXPOSED TO 
3,3′,4,4′,5-PENTACHLOROBIPHENYL (PCB-126). Environmental Toxicology and Chemistry: 
Vol. 15, No. 6, pp. 955–960. [Abstract] [Full-text Article] [Print Version]  

Pavuk, Marian, James R. Cerhan, Charles F. Lynch, Arnold Schecter, Jan Petrik, Jana 
Chovancova and Anton Kocan, 2004. Environmental exposure to PCBs and cancer incidence in 
eastern Slovakia, Chemosphere, Volume 54, Issue 10, March 2004, Pages 1509-1520.  

Powell, Debra C., Aulerich, Richard J., Meadows, John C., Tillitt, Donald E., Powell, Jon F., 
Restum, Janelle C., Stromborg, Kenneth L., Giesy, John P., Bursian, Steven J. 1997: EFFECTS 
OF 3,3′,4,4′,5-PENTACHLOROBIPHENYL (PCB 126), 2,3,7,8-TETRACHLORODIBENZO-



 

C-34 

p-DIOXIN (TCDD), OR AN EXTRACT DERIVED FROM FIELD-COLLECTED 
CORMORANT EGGS INJECTED INTO DOUBLE-CRESTED CORMORANT 
(PHALACROCORAX AURITUS) EGGS. Environmental Toxicology and Chemistry: Vol. 16, No. 
7, pp. 1450–1455. [Abstract] [Full-text Article] [Print Version]  

Q - T 

Ramos, E. Eljarrat, L. M. Hernández, J. Rivera and M. J. González, 1999. Levels of PCBs, 
PCDDs and PCDFs in commercial butter samples in Spain, Chemosphere, Volume 38, Issue 13, 
June 1999, Pages 3141-3153 L.  

Rosenshield, Michele Laura, Jofré, Mariana Beatriz, Karasov, William Henry. 1999: EFFECTS 
OF POLYCHLORINATED BIPHENYL 126 ON GREEN FROG(RANA CLAMITANS) AND 
LEOPARD FROG (RANA PIPIENS)HATCHING SUCCESS, DEVELOPMENT, AND 
METAMORPHOSIS. Environmental Toxicology and Chemistry: Vol. 18, No. 11, pp. 2478–
2486. [Abstract] [Full-text Article] [Print Version]  

Ross, Peter S., Jeffries, Steven J., Yunker, Mark B., Addison, Richard F., Ikonomou, Michael G., 
Calambokidis, John C. 2004: HARBOR SEALS (PHOCA VITULINA) IN BRITISH 
COLUMBIA, CANADA, AND WASHINGTON STATE, USA, REVEAL A COMBINATION 
OF LOCAL AND GLOBAL POLYCHLORINATED BIPHENYL, DIOXIN, AND FURAN 
SIGNALS. Environmental Toxicology and Chemistry: Vol. 23, No. 1, pp. 157–165. [Abstract] 
[Full-text Article] [Print Version]  

Rushneck, Dale R. Andy Beliveau, Brian Fowler, Coreen Hamilton, Dale Hoover, Katharine 
Kaye, Marlene Berg, Terry Smith, William A. Telliard, Henry Roman et al., 2004. 
Concentrations of dioxin-like PCB congeners in unweathered Aroclors by HRGC/HRMS using 
EPA Method 1668A*1, Chemosphere, Volume 54, Issue 1, January 2004, Pages 79-87 
<Reprint>; Supporting info (results of Aroclor analysis)> 

Sapozhnikova, Yelena, Ola Bawardi and Daniel Schlenk, 2004. Pesticides and PCBs in 
sediments and fish from the Salton Sea, California, USA, Chemosphere, In Press, Corrected 
Proof, Available online 6 February 2004,  

Sample, B. E., Opresko, D. M., and Suter II, G. W. 1996.  Toxicological Benchmarks for 
Wildlife: 1996 revision.  Oak Ridge National Laboratory.  ES/ER/TM-86/R3. 
http://www.hsrd.ornl.gov/ecorisk/reports.html  

Sample, BE, Suter, G. W., Beauchamp, J. J., and Efroymson, R. A. 1999.   Literature-Derived 
Bioaccumulation Models for Earthworms: Development and Validation.  Environ. Toxicol. 
Chem. 18:2110-2120. 

Sample, Bradley E., Suter II, Glenn W. 1999: ECOLOGICAL RISK ASSESSMENT IN A 
LARGE RIVER–RESERVOIR: 4. PISCIVOROUS WILDLIFE. Environmental Toxicology and 
Chemistry: Vol. 18, No. 4, pp. 610–620. [Abstract] [Full-text Article] [Print Version] <Reprint> 

Sather, P. J.; Ikonomou, M. G.; Addison, R. F.; He, T.; Ross, P. S.; Fowler, B.; 2001;  Similarity 
of an Aroclor-Based and a Full Congener-Based Method in Determining Total PCBs and a 



 

C-35 

Modeling Approach To Estimate Aroclor Speciation from Congener-Specific PCB Data Environ. 
Sci. Technol.; (Article); 35(24); 4874-4880.  DOI: 10.1021/es010921p Abstract Full: HTML /  
PDF (101k)  

Savage et al 2002. Environmental Toxicology and Chemistry 21:168-174.  

Schoeters, Greet Marie Pierre Goyvaerts, Daniëlla Ooms and Rudy Van Cleuvenbergen, 2004. 
The evaluation of dioxin and dioxin-like contaminants in selected food samples obtained from 
the Belgian market: comparison of TEQ measurements obtained through the CALUX bioassay 
with congener specific chemical analyses, Chemosphere, Volume 54, Issue 9, March 2004, 
Pages 1289-1297  

Schweitzer, Linda E., Bay, Steven M., Suffet, I.H.(Mel). 2000: DIETARY ASSIMILATION OF 
A POLYCHLORINATED BIPHENYL IN ADULT SEA URCHINS (LYTECHINUS PICTUS) 
AND MATERNAL TRANSFER TO THEIR OFFSPRING. Environmental Toxicology and 
Chemistry: Vol. 19, No. 7, pp. 1919–1924. [Abstract] [Full-text Article] [Print Version]  

Schweitzer, Linda E., Hose, Jo Ellen, Suffet, I.H., Bay, Steven M. 1997: DIFFERENTIAL 
TOXICITY OF THREE POLYCHLORINATED BIPHENYL CONGENERS IN 
DEVELOPING SEA URCHIN EMBRYOS. Environmental Toxicology and Chemistry: Vol. 16, 
No. 7, pp. 1510–1514. [Abstract] [Full-text Article] [Print Version]  

Scrimshaw, M. D.; Lester, J. N.; 2001. Multivariate Analysis of U.K. Salt Marsh Sediment 
Contaminant Data with Reference to the Significance of PCB Contamination Environ. Sci. 
Technol.; (Article); 2001; 35(13); 2676-2681.  DOI: 10.1021/es000230d Abstract Full: HTML /  
PDF (81k) 

Shepard, B.K. 1998. Quantification of Ecological Risks to Aquatic Biota from Bioaccumulated 
Chemicals. In National Sediment Bioaccumulation Conference Proceedings, EPA 823-R-98-002, 
U.S. EPA, Office of Water, Washington, DC, pp2-31–2-52. 
http://www.epa.gov/waterscience/cs/shep-d2.pdf  

Smith, Philip N., Bandiera, Stelvio M., Skipper, Sherry L., Johnson, Kevin A., McMurry, Scott 
T. 2003: ENVIRONMENTAL POLYCHLORINATED BIPHENYL EXPOSURE AND 
CYTOCHROMES P450 IN RACCOONS (PROCYON LOTOR). Environmental Toxicology and 
Chemistry: Vol. 22, No. 2, pp. 417–423. [Abstract] [Full-text Article] [Print Version]  

Suedel, Burton C., Dillon, Tom M., Benson, William H. 1997: SUBCHRONIC EFFECTS OF 
FIVE DI-ORTHO PCB CONGENERS ON SURVIVAL, GROWTH AND REPRODUCTION 
IN THE FATHEAD MINNOW PIMEPHALES PROMELAS. Environmental Toxicology and 
Chemistry: Vol. 16, No. 7, pp. 1526–1532. [Abstract] [Full-text Article] [Print Version]  

Staveley J., R. DeWoskin, P.M. Schlosser, and A.M. Jarabek, 2000. Barriers and Bridges to 
Integrating Health and Ecological Risk Assessment: A Workshop. Society for Risk Analysis and 
Society of Environmental Toxicology and Risk Assessment, October 2004, Research Triangle 
Park, NC. http://www.rtc-sra.org/Seminars/SRApost2000.pdf  <Reprint> 

Suter GW II. 1993. Ecological Risk Assessment. Lewis Publishers, Chelsea, MI, USA. 



 

C-36 

Suter GW II, 1996: TOXICOLOGICAL BENCHMARKS FOR SCREENING 
CONTAMINANTS OF POTENTIAL CONCERN FOR EFFECTS ON FRESHWATER 
BIOTA. Environmental Toxicology and Chemistry: Vol. 15, No. 7, pp. 1232–1241. [Abstract] 
[Full-text Article] [Print Version] 

Suter GW II, 1999: LESSONS FOR SMALL SITES FROM ASSESSMENTS OF LARGE 
SITES. Environmental Toxicology and Chemistry: Vol. 18, No. 4, pp. 579–580. [Full-text 
Article] [Print Version] 

Suter Glenn W. II, , Barnthouse, Lawrence W., Efroymson, Rebecca A., Jager, Henriette. 1999: 
ECOLOGICAL RISK ASSESSMENT IN A LARGE RIVER–RESERVOIR: 2. FISH 
COMMUNITY. Environmental Toxicology and Chemistry: Vol. 18, No. 4, pp. 589–598. 
[Abstract] [Full-text Article] [Print Version] 

Suter, Glenn, Theo Vermeire, Wayne Munns, and Jun Sekizawa 2001. Framework for the 
Integration of Health and Ecological Risk Assessment Integrated Risk Assessment Report 
Prepared for the WHO/UNEP/ILO International Programme on Chemical Safety 
WHO/IPCS/IRA/01/12  http://www.who.int/ipcs/publications/en/ch_2.pdf 
http://www.who.int/ipcs/publications/new_issues/ira/en/print.html <Reprint> 

Tilbury, Karen L., John E. Stein, Cheryl A. Krone, Robert L. Brownell, Jr., S. A. Blokhin, Jennie 
L. Bolton and Don W. Ernest, 2002. Chemical contaminants in juvenile gray whales 
(Eschrichtius robustus) from a subsistence harvest in Arctic feeding grounds, Chemosphere, 
Volume 47, Issue 6, May 2002, Pages 555-564. <Reprint> 

U – V 

URS 2002. Derivation of the tissue screening concentrations for ecological risk assessment: 
Their toxicological basis and confirmatory literature. Appendix PP of Final Remedial 
Investigation Report of Operable Unit B, Puget Sound Naval Shipyard, Bremerton, WA, March 
12, 2002. CLEAN Contract #N62474-89-D9295 CTO 0131, URS Consultants, Inc., Seattle, WA. 

U.S. Army Center for Health Promotion and Preventive Medicine Technical Guide 254 
(USACHPPM TG 254). Standard Practice for Wildlife Toxicity Reference Values. 
Environmental Health Risk Assessment Program and Health effects Research Program, 
Aberdeen Proving Ground, Maryland. October 2000. http://chppm-
www.apgea.army.mil/erawg/tox/tg254(Oct00final).pdf <Reprint> 

U.S. EPA, 1980. Ambient Water Quality Criteria for Polychlorinated Biphenyls, EPA 440/5-80-
68, Office of Water, Washington, DC. 

U.S. EPA. 1992. Framework for Ecological Risk Assessment. Risk Assessment Forum, 
EPA/630/R-92/001, Washington, D.C., 41pp. 

U.S. EPA 1993.  Wildlife Exposure Factors Handbook. Volume 1.  EPA/600/R-93/187a.  US 
Environmental Protection Agency, Washington, DC. 



 

C-37 

U.S. EPA 1994a. ECO UPDATE. Using Toxicity Tests in Ecological Risk Assessment. 
Publication 9345.0-051. March 1994. www.EPA.gov/superfund/programs/risk/ecoup/v2n1.pdf  

U.S. EPA 1994b. ECO UPDATE. Catalogue of Standard Toxicity Tests for Ecological Risk 
Assessment. Publication 9345.0-051. March 1994. 
www.epa.gov/superfund/programs/risk/ecoup/v2n2.pdf  

U.S. EPA 1994c. ECO UPDATE. Field Studies for Ecological Risk Assessment. Publication 
9345.0-051. March 1994. www.epa.gov/superfund/programs/risk/ecoup/v2n3.pdf  

U.S. EPA 1996a. Ecotox Thresholds, ECO UPDATE, 540/F-95/038, 1996. 

U.S. EPA 1996b. Report on Peer Review Workshop on PCBs: Cancer Dose-Response 
Assessment and Application to Environmental Mixtures. National Center for Environmental 
Assessment, Office of Research and Development, EPA Washington, DC. 
http://www.epa.gov/ORD/WebPubs/pcb/ 

U.S. EPA 1998a. A multimedia strategy for priority persistent, bioaccumulative and toxic (PBT) 
pollutants. Pollution Prevention Forum, November 16, 1999. 
http://www.epa.gov/pbt/pbtstrat.htm  

U.S. EPA 1998b. 63 FR 68354-68364 National Recommended Water Quality Criteria; 
Republication. 

U.S. EPA 1998c. Ecological risk assessment guidance for Superfund: Process for designing and 
conducting ecological risk assessments. 540-R-97-006, Environmental Response Team, Final 
Report, Edison, NJ, 97pp. 

U.S. EPA 1998d. Guidelines for Ecological Risk Assessment. Office of Research and 
Development, Risk Assessment Forum, EPA/630/R-95/002f, May 1998 Washington, D.C. 
http://www.epa.gov/ncea/ecorsk.htm 

U.S. EPA 1998e.  Report from the Workshop on the Application of 2,3,7,8-TCDD Toxicity 
Equivalency Factors to Fish and Wildlife.  US Environmental Protection Agency, Risk 
Assessment Forum, Washington, DC.  March 31, 1998. 

U.S. EPA 1999a.  National Recommended Water Quality Criteria-Correction. EPA 822-Z-99-
001. U.S. Environmental Protection Agency.  April 1999. 

U.S. EPA 1999b. Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: 
Periphyton, Benthic Macroinvertebrates, and Fish. Second Edition. EPA-841-B-99-002. 

U.S. EPA 1999c. Risk Assessment Guidance for Superfund: Volume 3 - (Part A, Process for 
Conducting Probabilistic Risk Assessment). Draft. December 1999, Revision No. 5. 
www.epa.gov/superfund/progress/risk/rags3adt/index.htm  

U.S. EPA 2000a. Phase 2 Report. Further Site Characterization and Analysis. Volume 2E - 
Revised Baseline Ecological Risk Assessment. Hudson River PCBs Reassessment. Prepared for 



 

C-38 

U.S. Environmental Protection Agency and U.S. Army Corps of Engineers by TAMS 
Consultants and Menzie-Cura & Associates. November 2000. 

U.S. EPA 2000b. Bioaccumulation Testing and Interpretation for the Purpose of Sediment 
Quality Assessment. Status and Needs. US Environmental Protection Agency. EPA-823-R-00-
001. February 2000. http://www.epa.gov/ost/cs/biotesting/  

U.S. EPA 2000c. Estuarine and Coastal Marine Waters: Bioassessment and Biocriteria Technical 
Guidance. EPA-822-B-00-024. December 2000. 
www.epa.gov/ost/biocriteria/states/estuaries/estuaries1.html  

U.S. EPA 2000d. PCB ID - Toxicity Equivalency Factors (TEFs). Pollution, Prevention & 
Toxics. http://www.epa.gov/toxteam/pcbid/tefs.htm  

U.S. EPA 2000e. Guidance for Assessing Chemical Contaminant Data for Use In Fish 
Advisories Volume 1: Fish Sampling and Analysis - Third Edition, November 2000, Office of 
Water, EPA 823-B-00-007 http://www.epa.gov/waterscience/fishadvice/volume1/index.html  

U.S. EPA 2001a.  The Role of Screening-Level Risk Assessments and Refining Contaminants of 
Concern in Baseline Ecological Risk Assessments. ECO Update. EPA 540/F-01/014. US 
Environmental Protection Agency, Office of Solid Waste and Emergency Response. June 2001. 

U.S. EPA 2001b. SW-846 Screening Extracts of Environmental Samples for Planar Organic 
Compounds (PAHs, PCBs, PCDD’s/PCDFs) by a Reporter Gene on a Human Cell Line. Method 
4425. Test Methods for Evaluating Solid Waste Physical/Chemical Methods (SW- 846), Update 
Edition IVB. U.S. Environmental Protection Agency Office of Solid Waste, Washington DC. 

Valoppi, Laura, Petreas, Myrto, Donohoe, Regina, Sullivan, Laurie, and Callahan, Clarence, 
1998. "Use of PCB congener and homologue analysis in ecological risk assessment," U.S. EPA 
Region 9, Biological Technical Advisory Group, San Francisco, CA (January 1998) <Reprint> 

Valoppi, L. et al., 2000. "Use of PCB congener and homologue analysis in ecological risk 
assessment," Environmental toxicology and risk assessment: Recent achievements in 
environmental fate and transport: Ninth volume, ASTM STP 1381. F. Price et al., eds. ASTM, 
West Conshohocken PA. 

Van den Berg et al., 1998. Toxic Equivalency Factors (TEFs) for PCBs, PCDDs, PCDFs for 
humans and wildlife. Environmental Health Perspectives, 106 (12), 775-792. [Abstract] [Full-
text Article] <Reprint> 

van Bavel, Bert, Andersson, Patrik, Wingfors, Håkan, Åhgren, Jörgen, Bergqvist, Per-Anders, 
Norrgren, Leif, Rappe, Christoffer, Tysklind, Mats. 1996: MULTIVARIATE MODELING OF 
PCB BIOACCUMULATION IN THREE-SPINED STICKLEBACK (GASTEROSTEUS 
ACULEATUS). Environmental Toxicology and Chemistry: Vol. 15, No. 6, pp. 947–954. 
[Abstract] [Full-text Article] [Print Version]  



 

C-39 

Viard, Bénédicte, François Pihan , Sandrine Promeyrat and Jean-Claude Pihan, 2004. Integrated 
assessment of heavy metal (Pb, Zn, Cd) highway pollution: bioaccumulation in soil, 
Graminaceae and land snails, Article in Press, March 2004, Pages 1349-1359.  

Voie, Øyvind Albert, Arnt Johnsen and Helle Kristin Rossland, 2002. Why biota still accumulate 
high levels of PCB after removal of PCB contaminated sediments in a Norwegian fjord, 
Chemosphere, Volume 46, Issues 9-10, March 2002, Pages 1367-1372.  

W - Z 

Wade, T.L., personal communication, Feb. 15, 2000. <Reprint> 

Wallberg, Petra, Andersson, Agneta. 2000: TRANSFER OF CARBON AND A 
POLYCHLORINATED BIPHENYL THROUGH THE PELAGIC MICROBIAL FOOD WEB 
IN A COASTAL ECOSYSTEM. Environmental Toxicology and Chemistry: Vol. 19, No. 4, pp. 
827–835. [Abstract] [Full-text Article] [Print Version]  

West J, O'Neill S, Lippert G, Quinnell S. 2001. Toxic contaminants in marine and anadromous 
fishes from Puget Sound, Washington: In Puget Sound Ambient Monitoring Program 1989–
1999. Technical Report 765. Washington State Department of Fish and Wildlife, Olympia, WA, 
USA, p 51. [Abstract]  [Full Report] <Reprint> 

Wood, Lindsey W., O'Keefe, Patrick, Bush, Brian SIMILARITY ANALYSIS OF PAH AND 
PCB BIOACCUMULATION PATTERNS IN SEDIMENT-EXPOSED CHIRONOMUS 
TENTANS LARVAE 
Environmental Toxicology and Chemistry 1997 16: 283-292. [Abstract] [Full-text Article] [Print 
Version]  

Zeng, Eddy Y., Bay, Steven M., Greenstein, Darrin, Vista, Cherrie, Yu, Charlie, Ritter, Kerry. 
2003: TOXIC EFFECTS OF POLYCHLORINATED BIPHENYL BIOACCUMULATION IN 
SEA URCHINS EXPOSED TO CONTAMINATED SEDIMENTS. Environmental Toxicology 
and Chemistry: Vol. 22, No. 5, pp. 1065–1074. [Abstract] [Full-text Article] [Print Version] 



 

C-40 

 

APPENDICES 

Information on physicochemical properties of PCBs  

PCB methods summary 

A Review of Current Literature on the Effects of PCBs on the Aquatic and Terrestrial 
Wildlife 


